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PREVIOUS analyses [Rosedale, 1922, 1928] led to the broad conclusion that 
normal mammalian tissues showed but little variation in their diamino-acid 
composition. The methods employed, however, seemed sufficiently sensitive 
to detect certain differences in some pathological tissues. The work reported 
in this paper was undertaken as an extension of the study of food proteins 
and deals with types of fish which constitute a very important source of food 
in this part of the world. In some districts, owing to situation as well as to 
religious sentiment, fish forms almost the only source of protein. While the 
prowess of the Malay as a sea-fisherman is well known, the development of 
the culture of carp is a local industry which merits attention, not only from 
the point of view of increasing the food supply, but also on account of the 
fact that ponds which can be made to rear these fish successfully cease to 
be suitable breeding grounds for mosquitoes. Practically the whole of a fish 
is used as human food. Heads, skins, etc. are offered for sale in local markets 
and form a cheap commodity used by the poorer masses of the population. 
It has not been possible to analyse every species of fish which finds its way 
into Singapore markets, but a selection has been made of those which are 
most commonly found, and which serve as general types. 

While slight differences may be noted between these tropical fish and 
mammalian tissue which was analysed in Europe, the results cannot, on the 
whole, be said to be very divergent. In the following list of the specimens 
which have been included in this work the local name is given in brackets: 
red snapper, Lutianus roseus (Ikan merah); horse mackerel, Caranzx rottleri 
(Chencharu); tunny, Thynnus (Tongkol); thread fins, (1) Polynemus indicus 
(Kurau), and (2) P. tetradactylus (Senangin); carp, Thynnicthys (two species 
locally called Twatow and Song Hu respectively). The local names are taken 
for the most part from Maxwell [1921]. In addition to the muscle meat of 
the above, analyses have been made of the roes and liver of sting-ray (Pari 
beting), the skins of horse mackerel, and the heads of carp (Twatow). The 
horse mackerel and Kurau were specimens of dried fish, and the horse 
mackerel and tunny are red-fleshed varieties. 
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EXPERIMENTAL. 


The preparation of the muscle tissues has followed exactly the procedure 
of Rosedale [1928], which consists in extraction with 0-1 % acetic acid and 
subsequent digestion with pepsin. The livers, skins and heads were ground, 
dried and thoroughly extracted with ether prior to carrying out the above 
treatment. The preparation of the roes is dealt with in another section. After 
digestion with pepsin, the protein was hydrolysed by 25 % HCl and analyses 
were carried out by Van Slyke’s method as described by Plimmer and Rosedale 
[1925] and in certain cases also by a modification of the method of Kossel. 
The analyses by Van Slyke’s method have been made at least in quadruplicate. 


Irregularities of the Van Slyke method. 


The several analyses of tunny and of the dried fishes were not so con- 
cordant as were those of the fresh white-fleshed varieties and compared less 
favourably in this respect with the former analyses of mammalian tissues. 
Kernot and Knaggs [1928] consider these discrepancies to be due to the 
temperature and mode of precipitating with phosphotungstic acid, and give 
directions towards improvement of this technique. Since however the tem- 
perature of this laboratory is higher than is usual in Europe, and since 
concordant results had been secured with fresh white-fleshed fish without 
resort to the precautions of these authors, it was felt that the cause of error 
must be sought elsewhere. It was decided to make a study of the hydrolysis 
by acid. 

Table I. Results of variation in time of hydrolysis. 


Percentage of total nitrogen. 


Diamino- Monoamino- 
fraction fraction 
anaes eS ee 
Time Amide- Humin- Total Amino- Total Amino- 
(hours) N N N N N N % of N 
Tunny 5 5 l 36 20 54 51 96 
10 8 ] 39 20 55 54 103 
15 8 1 30 21 63 58 102 
40 9 1 27 20 62 60 99 
60 9 1 27 21 63 62 100 
80 9 1 26 20 67 61 103 
100 9 ] 26 20 67 61 103 
Carp (Twatow) 10 6 1 46 20 59 57 112 
25 7 1 33 16 62 58 103 
40 7 1 27 17 63 61 98 
100 7 1 27 18 63 62 98 
Kurau 25 6 1 35 17 61 54 103 
40 6 2 31 21 61 54 100 
60 6 1 26 18 62 54 95 
100 8 2 27 18 63 54 100 
Horse mackerel 36 4 1 39 1] 41 37 85 
(flesh) 60 6 1 27 15 59 51 93 
100 8 1 28 16 62 56 99 
Horse mackerel 36 6 11 27 22 52 48 96 
(skins) 100 6 12 20 ll 64 61 102 
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Experiments were made with different varieties of tissue, in which the 
only alteration in the Van Slyke procedure was a variation in the time of 
hydrolysis with 25 % HCl. A duplicate analysis was made in each experiment, 
and the results are given to the nearest whole number in Table I. 

These figures show that, when hydrolysis is incomplete, material which 
cannot correctly be considered as diamino-acids is precipitated by phospho- 
tungstic acid. As hydrolysis proceeds, the proportion of the monoamino- 
acid fraction becomes greater. In the case of the fresh fishes, tunny and carp 
(Twatow), hydrolysis appears to be complete by the 80th and 40th hour 
respectively. 

Experiments with Kossel’s method. 

In a former paper [Rosedale, 1928] a comparison was made between the 
Van Slyke and Kossel methods. No fundamental differences appeared in the 
results other than those due to losses sustained in the manipulation, and it 
seems evident that the Van Slyke method is capable of giving as accurate 
information of the diamino-acid composition of proteins as any available 
method. Vickery and Leavenworth [1928] published a modification of Kossel’s 
method in which the separation of histidine from arginine is brought about 
by the exact neutralisation of the mixture, at which point the histidine is 
completely precipitated as the silver salt, arginine remaining in solution until 
it is made alkaline. This procedure differs from that of Rosedale [1928], who 
precipitates histidine from acid (1-5 %) solution. An experiment was there- 
fore carried out on the flesh of Senangin in two portions, one portion being 
treated according to the directions of Vickery and Leavenworth, and the 
other according to the writer’s modification [1928]. 


Table II. Results comparing the two modifications of Kossel’s method. 


Total nitrogen of each portion = 7-224 g. 


V. and L. method R. method 
Total N of diamino-ppt. _— 2-1g.. =29% 
- histidine portion 0-458 g.=6:3 % 0-301 g.= 41% 
9 arginine portion 0-612 g.=84% 0-717 g.= 99% 
i lysine portion 0-419 g.=5-7 % 0-421 ¢.= 58% 


The histidine portion of the Vickery and Leavenworth method was made 
up to 1 litre and arginine estimations according to the directions of Plimmer 
[1916] were carried out upon 20 cc. portions. These gave an average value of 
0-0981 g. arginine-nitrogen, which corresponds to 21 % of this fraction. 
Plimmer [1916] states that in using glass flasks, as was done in this case, the 
extent of the decomposition of histidine is from 1-5 to 3 % of its nitrogen. 
Consequently, in spite of great care used in adjusting the bulky solution to 
Py 7-0 before precipitation of the histidine, it appears that some arginine was 
carried down with the silver salt of histidine and that it was not excluded by 
the subsequent reprecipitation with mercuric sulphate. A few of the other 
tissues have been analysed by Kossel’s method and the results are given in 


Table ITI. 


11—2 
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Table III. Results by Kossel’s method. 
Percentage of total N. 
Senangin Horse mackerel Carp heads (Twatow) 
Histidine-N 4 3 
Arginine-N 10 9 ] 
Lysine-N 6 8 
No. of exps. 3 2 
Comparison with the Van Slyke results (Table IV) shows that these figures 
are as usual lower than the Van Slyke figures. 


Experiments with roes. 


Male and female roes were worked up separately. They were treated in 
accordance with the directions of Kossel and Dakin [1904] for the preparation 
of protamine sulphate, by precipitating the minced tissue with acetic acid, 
boiling the precipitate, and reprecipitating with alcohol after treatment with 
dilute H,SO,. A large precipitate was thus obtained, but in the case of the 
female roes much of the precipitate redissolved on standing at room tem- 
perature. The remaining portion of this precipitate was filtered off, and formed 
fraction I (see Table IV). An attempt to reprecipitate the filtrate by the 
use of more dilute H,SO, and alcohol produced a small quantity of material 
which formed fraction II (Table IV). In the case of the male roes, the first 
precipitate was filtered off without being allowed to stand. This forms 
fraction I of the male roes (Table IV). The residual tissues of both male and 
female roes were coagulated in the same way as the ordinary flesh tissues, 
forming fraction II of the male and fraction III of the female roes (Table IV). 
Digestion with pepsin was followed in every case by hydrolysis with 25 % HCl 
and the usual Van Slyke procedure. The general results by Van Slyke’s 
method are presented in Table IV. 


Table IV. Results by Van Slyke’s method. 


Percentage of total N. 
Monoamino- 
Time of Diamino-fraction fraction 
hydro- a ; 
lysis Amide- Humin- Total Amino- 
(hours) N N N 


Male roes, fraction I 40 9 49 
= II 10 24 

Female roes, fraction I 410 18 
410 10 

= Ill 410 

Red snapper (Ikan merah) 10 
Thread fin (Senangin) 10 
Thread fin (Kurau) 100 
Raia livers 10 
Horse mackerel (flesh) 100 
Horse mackerel (skins) 100 
Tunny 80 
Carp (Twatow) 10 
Carp (Song Hu) 10 
Carp heads (Twatow) 100 


‘ f 

Ar- Histi- Lysine- Total Amin 
ginine-N dine-N N N N 
41 6 31 29 

12 0 ¥ 58 57 
37 32 31 
12 38 31 

65 63 

65 62 

62 60 

63 54 

60 58 

62 56 

64 61 

67 61 
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It is clear that no protamine has been obtained from the roes. Fractions 
I and II of the female and I of the male roes appear to contain proteins 





Total 
104 
97 
10] 
100 
101 
105 
98 
100 
102 
99 
102 
103 
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103 
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resembling the histones. This may depend upon the maturity of the milt 
[Kossel and Staudt, 1927]. The flesh muscles show slight differences from the 
analyses of mammalian tissues in that the total diamino-acid content is 
generally higher. This appears to be due to the presence of a greater amount 
of histidine, the most notable exceptions being found in the red snapper and 
the carp heads. General support of these statements is given by the results 
with Kossel’s method (Table ITI). 


SUMMARY. 


1. The diamino-acid content of several fish tissues has been determined 
by Van Slyke’s method, and in a few cases by a modification: of Kossel’s 
method. 

2. The value for diamino-acid nitrogen in the flesh muscles of fish appears 
to be higher than that previously obtained for mammalian tissues. This seems 
to be due mainly to an increased amount of histidine-nitrogen. 

3. Some evidence is brought forward showing that incomplete hydrolysis 
leads to error in the Van Slyke analysis. Different tissues appear to require 
different lengths of time to ensure complete hydrolysis with 25 % HCl. 

4. In the separation of histidine and arginine as silver salts, it appears 
that unless the mixture is kept slightly acid there is a danger of precipitating 
some of the arginine together with the histidine. 


In conclusion, I should like to thank the Hon. Mr C. F. Green, formerly 
Director of Fisheries, and Mr W. Birtwhistle, of the Fisheries Department, for 
kindly supplying much of the material used in this work, and for assistance 
in choosing and naming the specimens. I am also indebted to my assistant, 
Mr J. P. Morris, for much help in carrying out some of the manipulations. 
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THE stability of ergosterol when present in minute amounts in ordinary 
cholesterol from all animal sources (brain, gallstones, blood, skin, eggs, etc.) 
is surprising in view of the relatively labile character of ergosterol itself. This 
unsuspected contamination of “pure” cholesterol was revealed in the first 
instance by its antirachitic activity acquired after irradiation, and is con- 
firmed by spectrographic analysis as well as by a specific colour reaction. 
It is now well established that ergosterol is the specific parent substance of 
vitamin D [Rosenheim and Webster, 1928, 1, 2]. In explanation of the pro- 
tective action of cholesterol towards ergosterol, it has been suggested that it 
possesses an antioxidant function similar to that of the sterols in natural 
crude rubber [Bills, Honeywell and MacNair, 1928]. 

There is evidence that this protective action is exerted not only in freshly 
prepared specimens of cholesterol, but that it remains unimpaired over a 
long period of years, for some of the specimens of cholesterol, in which the 
presence of ergosterol was originally discovered, had been prepared from 
brain 20 years previously [Rosenheim and Webster, 1926]. Further, in a 
sample of gallstone-cholesterol prepared by Prof. Abel 16 years ago, the 
presence of ergosterol has been demonstrated spectroscopically and biologi- 
cally by Bills, Honeywell and MacNair [1928]. 

Cholesterol and fatty acids have been recovered unchanged from various 
organs of Egyptian mummies of the pre-dynastic and later periods by Schmidt 
[1907] and from the brain of a mummy of unknown date by Abderhalden 
[1911]. Whilst fresh brain contains the whole of its cholesterol in the free state 
[M. C. Rosenheim, 1914], it has been found by Mair [1913] that as much as 
99 % of the cholesterol of ancient Egyptian brain is present in combination 
with fatty acids (palmitic and stearic) as esters. 

Through the kindness of Dr W. Mair we received part of a mummified 
brain and a specimen of cholesterol prepared from it by him 16 years ago. 
The brain is of Coptic origin, dating from about 500 4.p., and one of the 
series described by Ruffer [1913], having been removed from bodies found in 
tombs in Antinoé in Upper Egypt. No embalming process had been used in 
this instance and the organs of the bodies were preserved in situ through 
14 centuries, shrunk and mummified under the influence of the dry atmosphere 
of Egypt. 
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We had no difficulty in preparing the pure cholesteryl esters, in a yield 
of about 12 % from the brain, by employing a simple extraction method and 
avoiding the use of charcoal on account of its destructive effect on ergosterol. 
The dry, waxy brain was broken up under water, suspended in an equal 
volume of 2% KOH and warmed for a short time on a water-bath. The 
esters collected as a yellowish oil on the surface of the brown solution and 
solidified on cooling, giving rise to the characteristic display of colour on 
passing through the liquid-crystalline phase. After extraction with ether, 
they crystallised on concentration of the extract. One recrystallisation from 
ethyl acetate and one from acetone yielded a perfectly white product, M.p. 
78-80°, [ale — 29° (cholesteryl palmitate, M.p. 78-80°, [a]p — 24°, stearate, 
M.P. 82°). 

The crude esters gave the Lifschiitz “oxycholesterol” reaction and, when 
freed from this substance by recrystallisation, showed the typical blue colour 
with trichloroacetic acid, which is specific for ergosterol [Rosenheim, 1929]. 
The esters also gave an intense Tortelli-Jaffé reaction (green colour in chloro- 
form solution with dilute bromine), which according to Haussler and Brauchli 
[1929] is characteristic for ergosterol and is not given by pure cholesterol. 
Spectroscopic analysis of a 5 % ethereal solution of the esters showed the 
absorption spectrum of ergosterol in the region 280-290 pp. 

Feeding experiments employing our usual technique proved conclusively 
that daily doses of 2 mg. and 4 mg. of the esters after irradiation (equivalent 
to 1 mg. and 2 mg. cholesterol) exerted the same antirachitic action as 0-05 y 
of irradiated ergosterol. The same result was obtained with 2 mg. doses of 
the irradiated cholesterol preparation of Dr Mair. We found previously 
[Rosenheim and Webster, 1926] that doses of from 1-4 mg. of irradiated brain- 
cholesterol were necessary to prevent rickets in rats kept on a rachitogenic 
diet and it is therefore evident that the ergosterol content of cholesterol, 
isolated from brain after about 1400 years, is still of the same order as that 
of cholesterol prepared from fresh brain. 
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In two of the earlier papers of this series we have described the phosphatides 
present in the fraction of the ether extract obtained by adding excess of 
acetone to the ethereal solution. This so-called phosphatide fraction contains 
in the present case two substances which do not contain phosphorus, and in 
this paper we describe our investigations into the chemical nature of these 
compounds which appear in the phosphatide fraction by reason of their in- 
solubility in ether-acetone. 

These substances, which may represent nearly one-half of the fraction or 
one-fifth of the total ether extract, can be readily separated from the true 
phosphatide material by extraction with boiling acetone, in which they are 
very readily soluble. On cooling, they separate at once in crystalline form, 
and it is shown that the main constituents are the paraffin n-nonacosane 
CygH¢ and the closely allied di-n-tetradecyl ketone C,H .CO.C,,Hj,. The 
presence of such large amounts of nonacosane is surprising, for although 
higher paraffins are very widely distributed in the plant kingdom, they have 
been generally isolated in extremely small amounts. Nonacosane has been 
repeatedly isolated from various plant organs and identified by its melting 
point, but as Piper and his co-workers [1925] have shown that determinations 
of melting point and molecular weight are insufficient to define absolutely 
the number of carbon atoms in the constituent paraffins of paraffin wax, it 
is probable that the identification of most of these naturally occurring 
paraffins remains uncertain. At present the number of carbon atoms in such 
a substance can be determined only by X-ray analysis, and we have to thank 
Mr S. H. Piper for the final identification of the cabbage paraffin as nonacosane. 

The separation of the ketone from the paraffin and its absolute identifi- 
cation as di-n-tetradecyl ketone have given great trouble on account of the 
very similar physical properties of the two substances. It was finally accom- 
plished by taking advantage of the greater solubility of the ketoxime in a 
mixture of equal parts of light petroleum and acetone, a solvent in which 
the paraffin is practically insoluble. The regenerated ketone (M.P. 80-5-81°) 
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was similar in all its properties to synthetic palmitone (M.P. 82-82-5°), but a 
mixed melting point (76°) showed that the ketones were not identical. Resort 
was again made to X-ray analysis, and Mr Piper was able to show firstly that 
the ketone, like the hydrocarbon, contained 29 carbon atoms, and secondly 
that the carbonyl group was in the centre of the chain. The ketone chain 
however is so long that he could not be certain whether the ketone was 
the symmetrical di-n-tetradecyl ketone CH,.(CH,),,.CO.(CH,),,.CH; or the 
unsymmetrical palmityl myristyl ketone CH,.(CH,),,.CO.(CH,),..CH;. It 
seemed not unreasonable to think that the hydrocarbon and the ketone were 
synthesised in the plant from fatty acids by a reaction in which two molecules 
of fatty acid condense to yield a ketone, which on reduction would be con- 
verted to a hydrocarbon. This may be expressed thus: 


re ~ "Noo > PN on. 
R,.COOH RA R, : 

If the ketone were palmityl myristyl ketone, then the synthesis in the plant 
of nonacosane from one molecule of palmitic acid and one of myristic acid— 
both of which occur in plant products—seemed a likely supposition. On the 
other hand, if the ketone were the symmetrical di-n-tetradecyl ketone, it 
would be necessary to postulate a synthesis involving two molecules of 
pentadecylic acid, and it is well known that the naturally occurring higher 
fatty acids up to and including stearic acid contain an even number of carbon 
atoms. Although the higher paraffins have been isolated from a large number 
of plant sources, no evidence has been forthcoming as to their origin in the 
plant, and the lack of a reasonable hypothesis for their metabolism made it 
appear vital that the exact position of the carbonyl group should be estab- 
lished with certainty. Accordingly the alternative ketones suggested by Piper 
were synthesised and a comparison of the melting points left no doubt that 
the cabbage ketone was di-n-tetradecyl ketone. We have at present no evi- 
dence of the existence in natural products of pentadecylic acid. It is true that 
Thérner [1879] isolated the so-called lactaric acid from fungi and that a 
ketone, lactarone (C,,H,.), : CO (M.p. 81-5-82-5°), was made by Chuit [1889] 
from this acid. Bougault and Charaux [1912] have since shown, however, 
that this acid is impure stearic acid, so that the ketone which is quoted in 
Beilstein as di-n-tetradecy] ketone is really impure stearone. Hence the hypo- 
thesis that the ketone is formed from two molecules of pentadecylic acid 
needs modification. It seems reasonable however to surmise that the paraffin 
and ketone are concerned in the metabolism of fatty acid, and, although we 
are unable to express the mecharism by which these three types of compound 
are formed from each other, we are of the opinion that the finding of a paraffin 
and a ketone of the same number of carbon atoms in the cabbage may prove 
significant when further information is available. 

A search of the literature shows that what we refer to in the experimental 
part of this paper as the crude hydrocarbon, 7.e. the mixture of paraffin and 
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ketone, has been encountered by other workers. Sando [1923] examined the 
wax-like coating on the surface of apples. One of his crude fractions had the 
same melting point and gave the same combustion figures as those quoted 
later for the crude hydrocarbon from the cabbage; from it he isolated a 
paraffin (M.p. 63-5-64°) which he regarded as CygHgg. We feel confident 
also that the ketone C;;H,9,0, isolated by Hesse [1893] from cocoa leaves 
and the so-called myristone obtained by Jacobson [1911] from lucerne were 
likewise mixtures of paraffin and ketone. 


EXPERIMENTAL. 


220 kg. leaves from winter-sown cabbage picked in May (batch R) yielded 
220 g. of ether-soluble substances. The fraction insoluble in ether-acetone 
was extracted with hot acetone and filtered. The investigation of the insoluble 
phosphatide material has already been discussed [Channon and Chibnall, 
1927]. The 35 g. of crystalline material obtained by cooling the hot acetone 
extracts was greenish in colour and obviously contained some fatty and 
phosphatide substances. The material was therefore saponified with alcoholic 
potash, allowed to stand overnight and filtered, the residue bemg washed 
with cold alcohol. By recrystallisation from hot acetone there was obtained 
30 g. of material which was distilled at 255°/2 mm. The distillate (27 g.) was 
similar in appearance to, and had the same solubility properties as, paraffin 
wax. Recrystallised from a large volume of hot acetone, it yielded 23-9 g. of 
fine silky needles which melted at 63°, although the melt did not clear until 
a temperature of 67° was reached. The material was only slightly soluble in 
cold methyl and ethyl alcohols or acetone, slightly more soluble in cold ether, 
benzene or chloroform, but extremely soluble in hot ether, acetone or benzene. 
The ethereal solution did not absorb bromine, and did not give the Liebermann- 
Burchard reaction for sterols. Analysis showed however that although the 
major part of the material must consist of one or more hydrocarbons, some 
other substance which contained oxygen was present (found: C, 84-35, 
84-28 %; H, 14-38, 14-47 %). The nature of this oxygenated body long eluded 
us. At the outset, we were deceived by an acetyl value of 12 into devoting 
considerable time in an attempt to remove higher alcohols, and much material 
was unfortunately wasted before we obtained clear evidence that the major 
part of the oxygen was to be ascribed to a ketone. 

Determination of melting point. As we have found this determination so 
helpful in the fractionation of the crude hydrocarbon, we think that a short 
description of the method employed, which was recommended to us by Prof. 
Francis, may be of use to other workers in judging the purity of fractions of 
this type, which so often are isolated from plant products in small amounts 
only. The temperature of the bath is rapidly raised to within two degrees of 
the melting point, and then allowed to rise very slowly. A pure paraffin 
should melt to a clear liquid within the limits of 0-3° and should crystallise 
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out again in long needles within a temperature fall of 0-5° below the lower 
of these limits. The processes of melting and setting within these limits are 
slow, and the temperature of the bath must be held steady for several minutes. 
The ketone should melt to a clear liquid within a range of 0-5°, and with a 
nucleus should set crystalline within a temperature fall of 1°. A mixture of 
the paraffin and ketone becomes a white molten mass at a temperature which 
may be in some cases only 0-5°, but in others as much as 12-15° below the 
temperature at which the melt clears. According to our experience, it is only 
a mixture of the paraffin with the ketone which gives an indefinite melting 
point of this type; mixed ketones and probably mixed paraffins give sharp 
melting and setting points. We have no hesitation in saying that the ketone 
isolated by Jacobson [1911], which softened at 68° and melted at-74-77°, is a 
mixture, and that its identification as myristone (M.P. 76°) is unwarranted. 
We have encountered many fractions giving similar melting points and com- 
bustion figures during the present research. 


Isolation of nonacosane, CoH oo. 

13 g. of the crystalline material mentioned above were submitted to 
fractional distillation at a pressure of 0-1 mm., and crystallisation from 
benzene-alcohol. Seven distillations were made in all, and there was finally 
obtained, from the lower boiling fractions, 1-5 g. of substance crystallising in 
very thin glistening plates which melted sharply at 62-7—62-8° (uncorr.) and 
set without a nucleus at 62-6-62-3°. 

Analysis. 0-1057 g. substance gave 0-3307 g. CO,, 0-1387 g. H,0. 

Found: }, 85°33 %; H, 14-58 %. 
CopH oy requires: C, 85-20 %; H, 14-80 %. 

Mr Piper reports on this substance as follows. “Taking A, K, Fe = 1-932 A, 
main spacing of melted specimen = 38-82 4. The hydrocarbon contains 29 
carbon atoms and the photograph indicates that it is pure.’”’ The substance 
is therefore n-nonacosane, Cy 9H. 


Isolation of di-n-tetradecyl ketone, CH, .(CH.),3.CO.(CH,)13.CHs. 

The higher boiling fractions after a long fractional crystallisation from 
benzene-alcohol were finally collected into six samples. Melting point deter- 
minations showed that each sample contained nonacosane mixed with one or 
more other substances, for all became molten around 63°, but the tempera- 
tures at which the melts cleared ranged from 63-5 to 75°. It was clear that the 
procedure adopted was not likely to yield any of these other substances, 
which analysis showed contained oxygen, in a state of purity. When evidence 
was finally obtained that one or more of the substances was a ketone, it was 
found possible to effect a separation by taking advantage of the greater solu- 
bility of the ketoxime in a mixture of light petroleum and acetone. 

Each of the fractions mentioned above was treated in alcoholic solution 
with hydroxylamine, the excess of the latter removed, and the product 
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dissolved in a small volume of light petroleum. An equal volume of acetone 
was then added and the resulting precipitate filtered off. By repeating this 
operation on the precipitate, and also on the filtrate, there was finally obtained 
from each fraction a somewhat crude hydrocarbon melting at 63° and an 
oxime melting at 50°. The higher melting fractions gave a greater proportion 
of oxime, and since the products from all the fractions appeared to be similar 
they were united, and in this way there were obtained 4-5 g. of crude hydro- 
carbon and 2-2 g. of crude oxime. The latter was dissolved in 100 cc. of warm 
glacial acetic acid and cooled on ice. 0-44 g. of hydrocarbon crystallised out 
in fine needles. These were filtered off, and to the warmed filtrate an equal 
volume of warm absolute alcohol was added. On cooling, the major part of 
the oxime came out as fine flakes. These were dissolved in 30 cc. of warm 
glacial acetic acid and 0-1 g. of crude hydrocarbon separated by cooling as 
before. The filtrate was evaporated to dryness in vacuo, dissolved in ether, 
the ethereal solution washed to remove traces of acetic acid and again evapo- 
rated to dryness. Yield of oxime 1-5 g.; M.p. 50-51°. 

Analysis. 0-0915 g. substance gave 0-2682 g. CO,, 0-1050 g. HO. 

0-1728 g. substance gave 5-0 cc. of moist nitrogen at 18° and 
752 mm. 
Found: C, 79-91 %; H, 12°88 %; N, 3:29 %. 
C.,H;,NOH requires: C, 79-63 94; H, 13-50 %; N, 3-21 %. 

The ketone was regenerated from the oxime by boiling for some hours in 
alcohol saturated with hydrochloric acid. By repeated crystallisation from 
benzene-alcohol, there was obtained 0-7 g. of ketone crystallising in thin 
glistening plates. M.p. 80-5-81°; setting point 80-5-80°. 

Analysis. 0-0832 g. substance gave 0-2487 g. CO,, 0-1043 g. H,O. 

Found: C, 82-45 %; H, 13-93 %. 
C.5H;,0 requires: C, 82°37 %; H, 13-87 %. 

The melting point of this substance suggested that it was palmitone, and 
accordingly a sample of this ketone was synthesised from pure palmitic acid 
by Kipping’s [1890] method. It melted at 82-2-82-5° and set crystalline at 
81-7-82°, confirming the value (82°) given by Kipping and not that (76°) 
quoted by Saville and Shearer [1925]. A mixture of this palmitone with the 
cabbage ketone melted sharply at 75-8-76-2° and set crystalline at 75-5-74-5°, 
showing that the two ketones were not identical. Mr Piper then kindly 
submitted the cabbage ketone to X-ray analysis and reported as follows. 
“Main spacing 38-8 A. The melted specimen showed only side spacings, but 
when crystallised and rubbed gave a perfect photograph. The even orders 
2 and 4 are just visible, the odd orders 1, 3, 5, 7, 9 give the above spacing. 
The ketone contains 29 carbon atoms and is probably C,,H,,.CO.C,,H,, since 
the oxygen atom appears to be half-way along the chain. The chain is so 
long however that the possibility of the ketone being C,;H,,.CO.C,,H,, is 
not excluded.” Both these ketones were accordingly synthesised. The 








HIGHER PARAFFIN AND KETONE IN CABBAGE FAT 173 


synthetic di-n-tetradecyl ketone melted at 80—80-5° and set crystalline at 79°. 
Mixed with the cabbage ketone it melted at 80-5-81° and set crystalline 
at 79°. The synthetic palmityl myristyl ketone melted at 74-74-5°. 

Reviewing our experience on the isolation of these two substances from 
the crude hydrocarbon fraction, there is no doubt that much time and trouble 
would have been saved if the product obtained by distillation after the initial 
saponification had been oximated and the oxime removed as described above. 
The long fractionation actually carried out however has served to show that 
the chief constituents are nonacosane and di-n-tetradecyl ketone, and that 
they are present in the ratio of three of the former to one of the latter. Other 
products are present, but they appeared in fractions too small to warrant the 
hope that pure compounds could be isolated from them. 


Synthesis of di-n-tetradecyl ketone, CH, .(CHg),3.CO.(CH,),;.CHs. 

Kipping’s [1890] method for the preparation of palmitone was used. 
2 g. of pentadecylic acid (M.P. 52°), for which we have to thank Prof. W. E. 
Garner, were heated in a small beaker in a metal-bath at 205-210° and 
phosphorus pentoxide was added slowly in small portions with constant 
stirring. The reaction was complete in about 5 minutes, when the molten mass 
was poured into water to decompose the excess of phosphorus pentoxide. 
Sodium hydroxide was then added to convert the excess pentadecylic acid to 
soap and the mixture raised to the boiling point. On cooling, the ketone and 
other resinous products solidified at the surface as a waxy cake, which was 
removed and washed in the usual way. The ketone was separated from the 
other products by repeated extraction with small volumes of hot 90% 
alcohol. The crude ketone was dissolved in 90 % alcohol, and the solution 
boiled with charcoal and filtered. On cooling the ketone separated in thin 
glistening plates. Yield 0-2g.; mM.p. 78-5-79°. Recrystallised twice from 
benzene-alcohol it melted sharply at 80-80-5°, and with a nucleus set crystalline 
at 79°. 

Analysis. 4-920 mg. substance gave 14-840 mg. CO,, 6-05 mg. H,0O. 

Found: C, 82-30 %; H, 13-67 %. 
(C,,H59)2CO requires: C, 82-47 9%; H, 13-74 %. 


Synthesis of palmityl myristyl ketone, CH, .(CH,),4.CO.(CH,),2.CHs. 

We have to thank Prof. R. Robinson for suggesting this synthesis, which 
is similar to that of lactarinic acid, 6-ketostearic acid [Robinson and Robinson, 
1925]. 

Ethyl a-dodecylacetoacetate. Ethyl laurate, obtained by the fractional dis- 
tillation of the ethyl esters of the fatty acids of coconut oil, was reduced to 
lauryl alcohol by means of sodium and dry ethyl alcohol at 130°. The alcohol 
was converted to dodecyl iodide by heating with iodine and red phosphorus. 
Sodium (1-8 g.) was dissolved in 30 cc. absolute alcohol, 15 g. of ethyl aceto- 
acetate were added and finally 22-5 g. dodecyl iodide. The mixture was boiled 
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gently for 34 hours, cooled, poured into water and the mixture extracted 
with ether. The oil resulting from evaporation of the solvent was fractionally 
distilled in vacuo, and the higher boiling fraction again distilled. The fraction 
(12-5 g.) collected at 184-187°/8 mm. analysed as follows: 
0-1380 g. substance gave 0-3667 g. CO,, 0-1442 g. H,0. 
Found: C, 72-44 %; H, 11-61 %. 
C,,H;,0, requires: C, 72-50 %; H, 11-41%. 

Palmityl myristyl ketone. 0-9 g. sodium was emulsified under toluene, 
washed with dry ether and then suspended in 75 cc. of dry ether. 12-1 g. of 
ethyl a-dodecylacetoacetate dissolved in dry ether were added and the mixture 
slightly warmed until all the sodium had dissolved. It was then cooled on 
ice and 12-2 g. palmityl chloride in 20 cc. dry ether were added. The mixture 
was allowed to stand for 1 hour and then boiled for 10 minutes. The sodium 
chloride was removed by washing with water and the ether removed by 
evaporation. The resulting ethyl aa-dodecylpalmitylacetoacetate was an oil 
which readily crystallised on standing. The product was dissolved in 300 cc. 
of cold alcohol and as much 5% aqueous potassium hydroxide added as 
possible without causing precipitation (14 cc.). After standing for 5 days to 
effect the slow hydrolysis of the carbethoxy-group, sufficient strong aqueous 
potassium hydroxide was added to make the concentration 5%, and the 
solution boiled for 2 hours. The hot solution was then poured into an excess 
of boiling water, and after cooling the ketone was removed by extraction with 
ether. The ethereal solution was concentrated to about 180 cc. and 2 volumes 
of acetone were added. The palmityl myristyl ketone was almost completely 
precipitated. It was redissolved in hot acetone and the solution clarified by 
boiling with charcoal. On cooling, the ketone separated in fine silky plates. 
Yield 4-5 g.; M.p. 73-74°. Recrystallised twice from equal volumes of alcohol 
and benzene, it was obtained in large lustrous plates melting at 74—74-5° and 
setting crystalline at 73°. The melting point was unchanged on further re- 
crystallisation. 

Analysis. 4-892 mg. substance gave 14-770 mg. CO,, 6-03 mg. H,O. 
Found: C, 82-33 %; H, 13-70 %. 
C,;H,,.CO.C,,H,, requires: C, 82-47 %; H, 13-74 %. 

After the removal of the palmityl myristyl ketone, the acetone-ether 
filtrate was evaporated to dryness and submitted to steam distillation. The 
distillate was filtered, and from the residue, after crystallisation from aqueous 
acetone, there was obtained 2-7 g. of methyl tridecyl ketone; M.P. 38-5-39°. 


We wish to express our thanks to Mr S. H. Piper, of the University of 
Bristol, for the interest he has taken in this work and for submitting a number 
of specimens to X-ray analysis. One of us (A. C. C.) is indebted to the Royal 
Society for a grant from which part of the expenses of this research was 
defrayed. 
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In a series of papers [Chibnall and Channon, 1927, 1, 2, 3; Channon and 
Chibnall, 1927], we have recorded certain results which we have obtained in 
the analysis of the ether extract of the leaf-cell cytoplasm of the cabbage. 
The object of the present paper is to discuss these results so far as is at 
present possible from their chemical and physiological aspects, and, in passing, 
to refer to our investigations of the pigments and of the unsaturated portion 
of the unsaponifiable fraction of which no account has yet been given. 

For simplicity in presentation, we propose to confine all further remarks 
on this investigation to batch R, consisting of 220g. of ether extract pre- 
pared from 220 kg. of cabbage leaves. By methods already described, this 
extract was separated into the following fractions. 

A. The fraction precipitated by acetone, which was further subdivided 


into 
I. The fraction insoluble in hot acetone, wt. 57-8 g. 
II. The fraction soluble in hot acetone, 5, 35°0¢. 
B. The fraction soluble in acetone-ether, ,, 119-9 g. 


Saponification of an aliquot part showed that this fraction contained 
III. Fatty acids soluble in light petroleum, wt. 38-3 g. 
IV. Unsaponifiable matter » 48-6 g. 
V. Acidic products insoluble in light petroleum, consisting of 
chlorophyll derivatives and possibly hydroxy-acids. 
As a preliminary to the further study of fractions (IV) and (V) it was 
necessary to determine the chlorophyll content of the original ether extract. 


Determination of chlorophyll and carotenoids. 

Extensive investigations have been made by Willstatter and his colleagues 
[ Willstatter and Stoll, 1913] into the chlorophyll content of leaves; we have 
therefore thought it sufficient to determine the total chlorophyll content 
only, and not the a- and f-chlorophyll separately. Willstiatter’s method is 
to shake the ether extract with methyl alcoholic potash and to compare the 
green colour of the resulting phyllins with that given by a specimen of pure 
chlorophyll submitted to similar treatment. This method was applied to the 
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ether extract of the cabbage but the green tint of the resulting phyllins did 
not match that given by a specimen of pure chlorophyll. This suggested that 
during the coagulation of the cytoplasm by heat part of the magnesium had 
been removed from the molecule. Accordingly the ethereal solutions of the 
cabbage extract and of pure chlorophyll were first shaken with an aqueous 
solution of oxalic acid to remove the magnesium and so convert thé chlorophyll 
to phaeophytin. The resulting solutions of phaeophytin were then submitted 
to Willstatter’s treatment with methyl alcoholic potash and an aqueous 
solution of the complex potassium salts was prepared. The green tints of these 
were easily comparable and subsequent calculation showed that the chlorophyll 
content of the acetone-ether fraction B of batch R was 9-3 %. 

The carotenoids were determined at the same time by Willstattér’s method. 
The acetone-ether fraction B contained 0-86 °%, carotene and 1-39 % xantho- 


t ie! Pence aes 
corres’ _ — (0-62, which is of the same order as that 
xanthophyll 


found by Willstatter for the pigments of the whole leaf. On the other hand, 
chlorophyll 

carotene + xanthophyll 

Willstatter for whole leaves. Two explanations of this high value suggest 


themselves: (a) these pigments are not located solely in the leaf cell cyto- 
plasm; (6) the colours of the pigments had faded somewhat before they were 
quantitatively determined. 


phyll, giving a ratio 


the ratio is 7-7, which is about twice that found by 


Unsaturated unsaponifiable matter (Fraction IV). 


106-2 g. of the acetone-ether filtrate B yielded 42-5 g. of unsaponifiable 
matter, a brown gummy mass having iodine value 105 and acetyl value 168, 
and containing 21-8 % of sterol precipitated by digitonin. Present in this 
fraction also are the lipochrome pigments, 7.e. 0-92 g. carotene and 1-48 g. 
xanthophyll, together with 6-13 g. phytol derived from the chlorophyll and 
present in the extract. The fraction contained in addition that portion of 
the hydrocarbon fraction which remained in solution when the original ether 
extract was precipitated with acetone. It is clear that the effective frac- 
tionation of a mixture of substances in the presence of higher alcohols and 
sterols having various similar solubility properties is no easy matter. Re- 
peated attempts to obtain pure fractions by crystallisation from a variety of 
solvents left us convinced that we were obtaining products contaminated by 
the hydrocarbon, which we were unable to remove by this method. It was 
decided, therefore, to submit the material to fractional distillation in vacuo; 
a liquid fraction B.P. 175° to 185°, and a small fraction B.p. 222° to 240° at 
2 mm. pressure were removed in this way. The first fraction by careful purifi- 
cation was shown to consist mainly of phytol, whilst the second was crude 
hydrocarbon (M.P. 63°-65°). Attempts to distil the remainder, however, re- 
sulted in marked decomposition, as was shown by the nature of the products 
obtained and by the fact that the residue failed to give any precipitate with 
digitonin. From this distillate there were isolated white crystalline products 
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of various melting points, the highest observed being 129°. This latter fraction 
was shown by the digitonin method to contain only 82 % of sterol. In view 
of these difficulties and the lack of sufficient material for a large scale 
fractionation, we were reluctantly compelled to leave over the question of 
the nature of these higher alcohols and sterols until a larger amount of material 
was available. 

GENERAL SUMMARY. 

We now propose to discuss what we consider the essential results of these 
researches in both their chemical and physiological aspects. 

The following table shows the results which we have obtained in the 
analysis of a typical sample of cabbage-leaf cell cytoplasm. It is admittedly 
incomplete in some respects and must remain so until material can be obtained 
in still larger bulk. During the course of this work some 10 ewts. of cabbage 
have been used and a description of some of the difficulties and uncertainties 
which we have encountered in what appears to be the first attempt to study 
such an ether extract is given in the footnotes to the table for the guidance 
of any who may wish to extend these results. 

The methods used in the separation of the various fractions have already 
been discussed. 


Table I. Summary of the ether-soluble substances of cabbage-leaf cytoplasm. 


(Batch R, consisting of 220 g. of material.) 








Wt. % of total 
Pigments g. material 
Chlorophyll rains sos hee i we ie ae es 20-5 9-3 
Carotene ‘ sat sate = ase a re was 1-1 0-5 
Xanthophyll 1-7 0-8 
Substances containing phosphorus 
Calcium phosphatidate ... 40-6 18-4 
Unidentified calcium salts, possibly of fatty acids and phosphoric acid 11-3 5-0 
Unidentified iron compound _... bee = ha ioe 6-7 30 
Glycerides and waxes 
Containing palmitic, stearic, linolic and linolenic acids =e ove 38-3 17-5 
Glycerol 2-8 1:3 
Unsaponifiable matter 
Saturated fraction, chiefly nonacosane and di-n-tetradecyl ketone ... 27-0 12-3 
Unsaturated fraction 
Sterols (by digitonin) ore 9-8 4:5 
Unidentified products, probably alcohols and hy drocarbons... 29-2 13°3 
189-0 85-9 


Note 1. Cause of losses. It will be observed that the percentage total of 
the fractions is only 85-9 and that there has been an apparent loss of 
14-1 %. In considering these losses it may be pointed out, firstly, that about 
one-third of this loss is entailed by the use of methods necessary for purifying 
the hydrocarbon fraction (36 g. of crude product gave only 23 g. of purified 
product), and, secondly, the large number of manipulations in obtaining the 
various fractions has of necessity caused considerable mechanical losses, 
which cannot be avoided when working with fatty materials. Even so, there 
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remains the probability that about 5 % of the total material is unaccounted 
for, and a similar loss has been encountered in every batch. As to the reasons 
for it, we have little information. It always occurs as the result of the sepa- 
ration of the acetone-ether-soluble fraction into fatty acids, unsaponifiable 
matter and chlorophyll degradation products, and the material remains in 
the aqueous phase after extraction of the fatty acids. This fact suggests that 
there may be present an ether-soluble substance which is destroyed on treat- 
ment with alcoholic alkali, or alternatively that acidification of the soap 
solution after the removal of the unsaponifiable fraction has resulted in the 
precipitation not only of fatty acids and acidic chlorophyll products, but 
also of other acids sparingly soluble in ether. Although the acidified solution 
was extracted many times with ether, it was found necessary that the aqueous 
solution should be very dilute in order to facilitate extraction, and hence any 
substance, soluble to a limited extent only in ether and water, would remain 
to some extent in the aqueous phase. Such substances might be hydroxy- 
acids. 

Note 2. Unidentified iron compound. As we mentioned in an earlier paper, 
only about 1 g. of this curious substance was isolated. (Found C = 52-4 %, 
H=81%, P=53%, Fe=89%. Nitrogen is absent.) We are not yet 
in a position to give any further information. In the table the gross amount 
of this substance has been computed from the iron content of the calcium 
phosphatidate. This is greatly in excess of the amount actually isolated, but 
it must be remembered that we treated this material as an incidental impurity 
and removed it whenever possible when purifying the calcium phosphatidate. 

Note 3. Residual ether-soluble phosphorus. The ether-soluble phosphorus 
present as calcium phosphatidate represents about 60 % of the whole. In a 
previous paper [Chibnall and Channon, 1927, 2] it was suggested that the 
remainder was present as the calcium salt of an easily hydrolysable mono- 
glyceridephosphoric acid, because on shaking the ether-soluble phosphorus 
compounds in ether solution with mineral acid part of the phosphorus passed 
into the aqueous layer and fatty acids appeared in the ether solution. Our 
subsequent investigations have tended to weaken this view for two reasons. 
Firstly, the iron compound which contains 5 % of phosphorus and no calcium 
represents about one-tenth of the ether-soluble phosphorus fraction. Since 
the ratio of calcium to phosphorus in this fraction was originally unity, it is 
clear that there must have been present some calcium which was not in 
combination with phosphorus and that the unity ratio was merely fortuitous. 
Secondly, shaking the original ether-soluble phosphorus solution with mineral 
acid removed part of the phosphorus as phosphoric acid and not, as we had 
thought, as glycerophosphoric acid. Further, determinations of glycerol on 
the phosphatide fraction have shown that the amount of glycerol in the 
fraction is no more than is required by the calcium phosphatidate present. 
Hence the fatty acids which appeared in the ether layer cannot have originated 
as the result of the hydrolysis of a monoglyceridephosphoric acid. We have 
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obtained no further information as to the chemical nature of the compounds 
giving rise to the phosphoric acid and fatty acids on shaking with mineral 
acid; and this question remains therefore undecided at present. We incline 
to the view that the sources of these substances are calcium soaps and calcium 
phosphate, and that only 60% of the ether-soluble phosphorus represents 
phosphatides. 

Note 4. Glycerides and waxes. Estimations of glycerol by the methods of 
Zeisel and Fanto [1903] on the acetone-ether-soluble material of batch R gave 
a ratio of aa = 7-8, slightly higher than that recorded for batches 
G and M in a previous paper. This method in our hands has given a theoretical 
yield of glycerol from barium glycerophosphate, but we have recently found 
that it gives very low yields from distearin and tristearin. The method of 


Fanto [1904] was found to give a theoretical yield with tristearin, and applied 


- fatty acids ‘ ale : 
to batch R gave a ratio —*——— = 13. The original method, which has the 
> glycerol 
advantage of requiring only 0-2 g. of material, is clearly inapplicable to these 
complex plant extracts, possibly on account of the unidentified substances 
. ‘ : ; . fatty acids ss 
mentioned under note 1 above. Tristearin gives a ratio of aa = 9-3, 


so that about one-third of the fatty acids present in the acetone-ether-soluble 
material of batch R was present as substances other than glycerides, probably 
as esters of higher alcohols. 


GENERAL DISCUSSION. 
The yield of the chief constituents. 

By methods which were referred to in the first paper of this series [Chibnall 
and Channon, 1927, 1] we calculate that the total amount of ether-soluble 
material in cabbage-leaf cytoplasm is about 3-5 % of the total leaf solids. 
This figure may not represent the total amount of these substances present 
in the leaf, because our preparations of coagulated cytoplasm were free from 
cell-wall material which, in consequence, has not been ether-extracted. The 
variations which we have found in the amounts of the chief constituents are 


given in Table II. 


Table II. Ether-soluble substances. Variation in chief constituents. 


% of total ether- Estimated % of 
soluble material total leaf solids 


Total ether-soluble substances -— 3-5 

Calcium phosphatidate 9-18 0-3-0-6 
Fatty acids in glycerides and waxes 19-27 0-6-0:9 
Saturated hydrocarbons and ketones 8-13 0-3-0-5 
Other unsaponifiable material 16-25 0-6-0-9 


As the presence of fat-soluble substances containing calcium and iron has 
not been demonstrated hitherto, it appeared to us to be of interest to calculate 
roughly what proportions of calcium, phosphorus and iron of the cabbage 
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leaf are present in the form of calcium phosphatidate and the iron compound. 
The results of our analyses of the cabbage leaf for these inorganic materials 
are given in Table ITI. 


Table III. Distribution of Ca, Fe and P in the cabbage leaf, 
(% of total leaf ash). 


Whole leaf Water-soluble | Water-insoluble Ether-soluble 
CaO 12-6 8-0 4-6 0-45 
Fe,O, B29 — 2-9 0-15 
P.O; 16-0 11-8 4-2 0-73 


Water-soluble iron was too small to be determined gravimetrically as 
Fe,0,. Hoagland and Davies [1923] in a discussion of the cell sap of higher 
plants emphasise the fact that for a proper understanding of the metabolism 
of such plants it is necessary to gain some insight into the forms in which 
inorganic elements are held by the plant. They have analysed different plants 
(species not given) at various stages of growth for water-soluble inorganic 
elements, and have found that in practically every case all of the potassium 
is soluble in water as well as the major portion of the other elements, with a 
few exceptions in the case of calcium. We determined total ash and ether- 
soluble ash on samples of 300 g. of fresh leaves. As the ether-soluble calcium, 
iron and phosphorus are computed from figures obtained from the analysis 
of 220 kg. of fresh leaves, it is obvious that the two sets of figures given in 
the table are not strictly comparable. They show, however, that about one- 
twentieth of the total leaf calcium, phosphorus and iron is ether-soluble, 
and that about one-tenth of the water-insoluble calcium can be ascribed to 


calcium phosphatidate. 


Phosphatides. 


One of the most interesting results of these researches has been the dis- 
covery of the existence in the cytoplasm of calcium phosphatidate, and experi- 
ments are clearly necessary to determine its relation to the glycerides. Thus 
in a plant which is being starved, does utilisation of this phosphatide and of 
the glycerides take place? This question of the utilisation of fat by a starving 
plant is one which has suffered severe neglect because the ratio of carbohydrate 
to fat was thought to be so high as to make it appear that a study of fat 
from the tissue was a matter of minor importance. It will be of interest, 
therefore, to see whether utilisation of the fatty acids, either of the glycerides 
or of the phosphatide, occurs, and if there is a decrease in the fatty acids it 
will be necessary to determine whether the fatty acids utilised are those of 
the phosphatide or of the glycerides. One is naturally tempted to compare 
these substances with those present in animal tissue, and in this connection 
the high degree of unsaturation, not only of the phosphatide but also of the 
glycerides, is interesting. It will be remembered that the fat of adipose tissue 
is saturated relatively to that of such organs as the liver and that during 


Vol. 23, p. 181, Table III, Fe,0,, whole leaf, instead of 12-9 read 2-9. 
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starvation this adipose fat is utilised, while that of the liver persists even if 
death from inanition occurs. The conclusion drawn from these results is that 
the liver fat, consisting of unsaturated phosphatide, cannot be utilised without 
causing destruction of the cells of which it is an integral part. Hence, if 
calcium phosphatidate is fulfilling in the leaf the réle which lecithin and the 
other phosphatides play in the animal, we should expect that on starvation 
the plant would utilise the glycerides only and that the calcium phosphatidate 
would remain constant in amount. Experiments on this subject are in pro- 
gress; it is clear that, if calcium phosphatidate is as vital a constituent of the 
leaf as lecithin is of the animal, it should be present in the leaves of all plants. 
This question has not been systematically investigated by us yet, but some 
experiments with spinach suggest that there is a definitely smaller percentage 
of calcium phosphatidate in spinach leaves than in those of the cabbage. 

The literature on plant phosphatides, although extensive, is very unsatis- 
factory on account of the great difficulties encountered in freeing phosphatidic 
substances from sugars, amino-acids, etc., and it gives the impression that 
very little definite information as to the nature of plant phosphatides is 
available. However, the results of Levene on soya-bean meal show that 
lecithin is present in that material. This opens up the question as to the 
physiological relationship existing between the phosphatides of the seed and 
of the leaf, and it will be interesting to investigate whether such a plant as 
soya bean, having lecithin and cephalin in its seed, has the calcium or some 
other salt of phosphatidic acid in its leaves, and, if so, the reasons why storage 
products should differ from those of physiologically active tissue. Such a 
finding as the occurrence of different phosphatides in the leaves and seeds 
would be totally unexpected if we regard the phosphatide as an essential 
constituent of the cell. On the other hand, such a finding might be understood 
if the réles of the two types of phosphatide were different either in their effects 
on permeability or as agents in the transport of fat. Any view which we can 
express on these subjects at the present time must be speculative, but the 
fat-solubility of the calcium salt of phosphatidic acid and the water-solubility 
of its sodium salt suggests that these phosphatides may be in part responsible 
for the alteration in cell permeability which can be brought about by changes 
in the proportion of sodium and calcium ions. 


The fatty acids. 


A point of interest regarding the fatty acids is that the iodine value of 
the glyceride fatty acids is about 200 compared with 137 of the fatty acids 
present in the phosphatide. This higher degree of unsaturation of the glyceride 
fatty acids is the reverse of the findings in the fats of animal tissues, for in 
the latter the fatty acids of the phosphatides are considerably more 
unsaturated than those present in the neutral fat. 

As to the question of unsaturation, the suggestion of Leathes and Raper 
[1925] that the temperature at which fats are formed in plants is one of the 
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features which determine the degree of unsaturation of the fatty acids is of 
interest. Recently Terroine et al. [1927] and Pearson and Raper [1927] have 
shown that the degree of unsaturation of the fatty acids present in Aspergillus 
niger grown at temperatures varying from 17° to 35° decreases with a rise of 
temperature. If such a finding can be applied to a higher plant, it would be 
expected that there would be a variation in the degree of unsaturation of the 
fatty acids of autumn- and spring-sown cabbage. The former are picked in 
April-May and will be referred to as “‘winter-grown,” while the spring-sown 
plants which are gathered in July-August will be referred to as “summer- 
grown.” Actually, we have found no significant change in the degree of un- 
saturation of the fatty acids of the winter- and summer-grown cabbages, the 
extreme values being 195 and 206, the value for batch D, as shown in Table I 
of a previous paper of this series [Chibnall and Channon, 1927, 1], being 
invalidated by the fact that in the early preparations we had been unable to 
free the fatty acids completely from chlorophyll degradation products. 


Table IV. Comparison of glyceride fatty acids and crystalline 
crude hydrocarbon (°% of total ether-soluble material). 


Autumn-sown Spring-sown 
(picked April-May) (picked July—August) 
—-s OO 

E F H M QP 
Wt. of crude hydrocarbon (a) 11-0 10-9 19-0 17-6 16-0 
Wt. of glyceride fatty acids (6) 23-1 23-0 15-0 16-3 16-6 
Iodine value of fatty acids 203 201 206 _ 195 
Calculated iodine value of 137 136 91 _- 99 


(a) and (5) mixed 


This finding leads us to wonder whether the hypothesis of Leathes and 
Raper regarding the variation of the iodine value of fatty acids with tem- 
perature may not need extension to include not only fatty acids but other 
fat-soluble substances present. It is to be remembered that the unsaponi- 
fiable matter of a leaf fat constitutes a large proportion (up to 40 %) of the 
whole fat and if variation in the liquidity with temperature is to be expected 
it seems possible to us that a variation of the degree of unsaturation of the 
unsaponifiable matter as well as of the fatty acids may be anticipated. Our 
reason for this is that the amounts of crude saturated hydrocarbon, M.P. 63°, 
present in our extracts have shown considerable variation with the season of 
picking, as is shown by Table IV, in which it is seen that 11 % of 
hydrocarbon is present in winter-grown cabbage, whereas between 16 % and 
19 % is found in the summer-grown plants. At the same time, the percentage 
of fatty acid fell from 23 % to 16 % with no alteration in the iodine value. 
We admit that the unsaturated portion of the unsaponifiable matter may 
also require consideration in this connection, but we tend to regard the hydro- 
carbon as being concerned in the metabolism of fatty acids and being in its 
physical properties closely akin to the saturated acids. If this hypothesis be 
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accepted, namely, that the hydrocarbon fraction may be regarded from the 
point of view of liquidity as saturated fatty acid, calculation shows that the 
iodine value of the hydrocarbon-fatty acid mixture in the winter-grown 
cabbage fat is 136 as against 91 for the summer-grown cabbage. Whether 
this variation in the fat derived from cabbages grown in winter and summer 
respectively is significant must await further investigation. 

We will conclude this paper by referring to a matter to which Leathes 
and Raper have already drawn attention, namely, the use of the word “fat” 
in biological chemistry. They have pointed out that much time and labour 
have been lost in researches in which attempts have been made to follow the 
metabolism of “fat”? by the determination of the amount of ether-soluble 
material which can be extracted from tissues under various conditions, and 
they have emphasised the necessity of the determination of the amount of 
the fatty acids present in the ether extract rather than of the amount of the 
ether extract itself. Our experiences in this work on the ether extract of 
cabbage-leaf cell cytoplasm illustrate this point vividly, for the fatty acids 
make up only about 27 % of the material soluble in ether, and there are 
present not only calcium phosphatidate and an iron compound containing 
phosphorus, but also a higher paraffin and ketone, together with unidentified 
alcohols; in addition, the ether-soluble pigments are present in the extract. 
In biochemistry, it is frequently necessary, after drying a tissue suitably, to 
extract it with ether or some fat solvent in order to obtain one particular 
fat-soluble substance. Such an ether extract as in the present case contains 
so many and various materials, that it seems desirable to us that some word 
be adopted merely to denote such an ether extract irrespective of what it 
may contain. This seems to us more advantageous than the adoption of the 
word “lipide” which is used by Bloor [1925] to denote a variety of sub- 
stances soluble in fat solvents and related to fatty acids as esters or potential 
esters, for nonacosane and di-n-tetradecyl ketone may be as intimately con- 
cerned in the metabolism of fatty acids as the higher alcohols which are 
included in such a classification. 


One of us (A. C. C.) is indebted to the Royal Society for a grant from which 
part of the expenses of this research was defrayed. 
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XXIV. THE DIALYSIS OF SMALL VOLUMES OF 
SERUM UNDER STERILE CONDITIONS. 


By CECIL INNES BOTHWELL VOGE (Carnegie Research Scholar). 
From the Animal Breeding Research Department, University of Edinburgh. 


(Received February 27th, 1929.) 


Ir has been found necessary during researches into the colloidal properties 
of blood-serum and of the component serum-protein fractions to-have recourse 
to methods involving dialysis. 

It was found [Voge, 1928], when dealing with syphilitic serum, that the 
“syphilitic substance” could not satisfactorily be located in either the euglo- 
bulin or the pseudoglobulin fraction when Liefmann’s method of “splitting” 
serum was adopted and that part appeared to exist in both fractions. Satis- 
factory results were obtained however when serum was placed in a collodion 
membrane and dialysed, the whole of the “syphilitic substance”’ being located 
in the fraction insoluble in water. In the method originally employed 10 cc. 
of serum were examined and dialysis had perforce to be continued for a con- 
siderable time to rid the serum of its salts, failing which complete separation 
was not obtained. This prolonged dialysis introduced other difficulties— 
increase in the fluid volume and bacterial contamination. These difficulties 
could be overcome by the use of a manometer and some antiseptic respectively, 
but it was considered feasible to attempt other methods involving smaller 
volumes of fluid and dialysis under sterile conditions, as the addition of 
antiseptics to serum may involve changes which will vitiate the experiment. 

Methods involving electrodialysis have also been attempted, but great 
difficulty was found in regulating the temperature and so this method was 
abandoned. 

A similar line of investigation has been adopted in order to determine in 
which serum fraction agglutinins can be isolated and it has been shown that 
they exert their influence in the euglobulin fraction [Voge, 1929], a view 
which is in agreement with that advanced by Rosenholz [1928], and also 
by Kroeger and Hektoen [1927], the latter investigating the precipitin pheno- 
menon. These authors state however that hydrolysis takes place and that the 
active fraction is liberated into the fraction soluble in water. 

It is thus apparent that a simple and rapid method of dialysis under con- 
ditions as nearly as possible approaching sterility is required, especially in view 
of the use of such euglobulin-antibody fractions in prevention and treatment 


of disease. 
The work of Rosenholz [1928], Cambessédés and Cochez [1928] and Voge 
[1929] indicates that upon these lines there will be ground for a revaluation 
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of our present methods of preventive and curative medicine, since it has 
already been shown [Rosenholz, 1928] that such a fraction can be readily 
obtained and kept in a dry sterile condition. 


EXPERIMENTAL. 


The semi-permeable membranes are prepared from a solution which is 
made up as follows. 5 g. of pyroxylin are dissolved in 80 g. anhydrous ether 
and 20 g. absolute alcohol. This syrupy solution must be free from bubbles and 
must be kept in a wide-necked flask fitted with a rubber stopper. A Wasser- 
mann test-tube, 3” x 4”, cleaned with aqua regia, 
washed thoroughly in water, alcohol and finally 
ether and dried, is used. It is necessary to observe 
these precautions or otherwise the membrane will 
adhere too firmly to the glass walls and cannot be 
separated without tearing. The tube is now filled 
with the pyroxylin solution, inverted, and the con- 
tents are allowed to drain. This process is repeated 
after the first coat has dried. Two coats of such a 
solution have been found to yield a membrane of 
sufficient strength and yet thin enough to allow 
rapid dialysis. The tube is now filled with sterile 
water and the sac gently separated from the glass 
walls with a blunt-pointed instrument. 

A sterile 1 cc. pipette and rubber teat are now 
employed to withdraw lcc. of the serum to be 
dialysed. The point of the pipette is inserted within 
the mouth of the sac, the contents ejected and the 
tip of the pipette lowered until it is just below the 
level of the serum. In this position the sac is firmly a 
bound to the pipette with linen thread and the = a. a 55 
pipette and sac are placed within a sterile bottle. ©. Plug of cotton wool, steri- 

2 lised with pipette. 
The stopper fitted to the flask should be of rubber p. Sterile 1 ce. pipette. 
bored with three holes, one for the inflow of sterile ©: a dialysing ap- 
water, the second for the pipette and the third for F. Bao, prepared as described 
the outflow. It is an additional simplification if the ‘the text, boundto pipette 


; 5 so that the point is below 
stopper is already fitted to the pipette before the sac _ the level of the fluid. At 
; . : e bas the end of 18 hours the solid 
is fitted. The pipette and teat in the position indi- water-insoluble euglobulin 
cated act as a manometer and so control the volume = — at the foot of 
of liquid. bi 

At the end of 18 hours a heavy flocculum, insoluble in water, is observed 
at the bottom of the sac; this is mixed with the supernatant fluid and the 
contents are withdrawn into the pipette by means of the teat. (Sterile pipettes 


are fitted with a plug of cotton wool at the upper end so that the teat can be 
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removed to relieve the pressure and obtain suction.) The contents of the 
pipette are ejected into a sterile centrifuge tube and the solid removed from 
the liquid by centrifuging and decanting the supernatant fluid. The water- 
insoluble protein remaining is now emulsified in sterile saline and can be used 
for animal experiments. 

Isolation of such material has successfully been carried out along these 
lines and subsequent injections into animals have been performed without 
complications due to bacterial contamination. 
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XXV. THE INFLUENCE OF VARIOUS 
SUBSTANCES ON LIPASE ACTION?. 
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University of Liverpool. 


(Received February 28th, 1929.) 


RosENHEIM [1910] has investigated the influence of various compounds on 
the hydrolysis of olive oil by pancreatic lipase. Although no numerical data 
are submitted, he states that lecithin is inert towards lipase and also that 
cholesterol retards lipase action. In a previous paper [Corran and Lewis, 
1928] results of experiments were recorded which demonstrated that lead, in 
both the ionic and colloidal form, is capable of increasing the lipolytic augmen- 
tation produced by serum, both normal and cancerous. In the present paper, 
results are submitted on the influence of the chlorides of sodium, potassium 
and calcium, and of purified lecithin, cholesterol, lead and copper salts on 
lipolysis in the absence of serum, and the effects of cholesterol, copper and 
mercury on lipolysis in presence of serum. 

The method employed was identical with that outlined in an earlier paper, 
namely, mixing the glycerol extract of lipase, serum, water (or salt solution) 
and olive oil emulsion, the latter consisting of 4 parts of purified olive oil to 
1 part of 1 % aqueous sodium oleate, and allowing the reaction to proceed 
at 37° until equilibrium was attained. 


I. THE INFLUENCE OF LECITHIN AND CHOLESTEROL ON LIPOLYSIS. 


As mentioned previously Rosenheim found that lecithin is inert towards 
lipase, but that its products of hydrolysis are strong augmentors. In the 
present work a purified lecithin has been employed, in order to ensure that 
any effect observed is due to lecithin, and not to impurities*. A fine sus- 
pension in water was used, of strength 0-01 M. Table I gives the mean 
results obtained. 

It is evident that the augmentative effect due to lecithin is small com- 
pared with those produced by serum and sodium oleate (for example, 1 cc. 
of serum and 1 % sodium oleate give augmentations of 20 cc. and 13 ce. 
respectively [Corran and Lewis, 1928]), the greatest effect being observed with 
1 ce. 0-01 M lecithin suspension. Incidentally, the results recorded in Table I 
confirm the conclusions reached by Rosenheim, that the effect of lecithin on 


lipase is negligible. 
I sug 


1 An investigation carried out on behalf of the Liverpool Medical Research Organisation; 
Director, Prof. W. Blair Bell. 

2 The writer’s thanks are due to Mr H. I. Price, of the Dept. of Physical Chemistry, Uni- 
versity of Liverpool, for the sample of pure lecithin, prepared by Levene’s method [1927]. 
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Table I. 


Duration of experiment, 48 hrs. Temperature 37°. 


Lipase 0-01 M Olive oil N/10 NaOH Augmentation 
extract lecithin Water emulsion required in V/10 NaOH 
ce. ce. ce. ce. ce. ce. 

l 0-0 5-0 5 27-90 : 

1 0-5 4:5 5 28-20 0-30 

1 1-0 4-0 5 34-10 6-20 

1 2-0 3-0 5 33-80 5°90 

1 3-0 2-0 5 31-20 3°30 

1 5 0-0 5 30-00 2-10 


Considering now the influence of cholesterol on lipolysis, Shaw-Mackenzie 
[1910] concluded that cholesterol opposes the augmentation produced by 
sodium cholalate and it may be inferred that cholesterol acts as an inhibitor 
towards lipase. The influence of cholesterol was therefore investigated. 

A purified cholesterol! was used, in the form of a coarse suspension in 
water, strength 0-01 M, from which the cholesterol separated on standing, 
and which was vigorously shaken before the requisite volumes were measured 
out. A 0-01 ©M solution in ether was also employed. In the latter case, after 
measuring out the requisite quantities of ethereal solution, these were added 
to the lipase extract, the ether was allowed to evaporate and water and 
emulsion were finally added. Table Ila gives the results using a coarse 
aqueous suspension and Table II 6 the results employing an ethereal solution 
of cholesterol, in the absence of serum. 


Table II a. 


Duration of experiment, 48 hrs. Temperature 37°. 
Effect due to 





Lipase 0-01 M ; N/10 NaOH cholesterol in 
extract cholesterol Water Emulsion required N/10 NaOH 
ce. ee. ce. ce. ce. ce. 
1 0-0 5-0 5 24-25 — 
1 0-5 4:5 5 25°30 + 1-05 
] 1-0 4-0 5 26-95 +2-70 
1 2-0 3-0 5 + 2-65 
I 3-0 2-0 5 +2-10 
1 5-0 0-0 5 + 1-00 
Table II 6. 
I 0-0 5-0 5 24-75 = 
] 0-5 4:5 5 25-30 +0-55 
l 1-0 4-0 5 26-10 +1-35 
l 2-0 20 5 29-90 + 5-15 
] 30 2-0 5 29-55 +4-80 
1 5-0 0-0 3 25-90 + 1-15 


It is clear that, so far from acting as an inhibitor, cholesterol acts as an 
augmentor in the concentrations employed, although, as in the case of lecithin, 
the effects are small compared with those produced by serum. The maximum 
effect in Table II b (5:15 cc. augmentation for 2 cc. cholesterol solution) is 


1 The writer desires to express his thanks to Dr W. A. Sexton, Dept. of Organic Chemistry, 
University of Liverpool, for the sample of purified cholesterol. 
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considerably greater than that obtained from Table II a (2-70 cc. augmen- 
tation for 1 cc. cholesterol suspension). The variation must be attributed to 
the unsatisfactory nature of the coarse suspension employed in Table II a. 

In view of Shaw-Mackenzie’s results on the influence of cholesterol on 
lipolysis in presence of sodium cholalate, experiments were carried out in 
presence of normal ox serum. The mean results of these experiments are given 
in Table III. The duration of experiment was 48 hours, corresponding to the 
maximum extent of hydrolysis observable. 


Table ITI. 
Effect due to 
Lipase Ox 0-01 M N/10 NaOH _ cholesterol in 
extract serum cholesterol Water Emulsion required N/10 NaOH 
ce. ce. ce. ce. ce. ce. ce. 
] 0-0 0-0 5:0 5 26-50 — 
1 0-5 0-0 4-5 5 48-50 — 
l 0-5 0-5 4-0 5 49-50 +1-00 
1 0-5 1-0 3°5 5 48-00 — 0-50 
1 0-5 2-0 2-5 5 47-50 — 1-00 
1 0-5 4-5 0-0 5 46-50 — 2-00 


The effects due to cholesterol are again small. In low concentration of 
cholesterol an augmentative effect is observed, changing, in higher concen- 
trations, to an inhibitory effect. These results differ from those of Shaw- 
Mackenzie in that he found a strong inhibitory action by cholesterol in all 
concentrations. It may be pointed out that the duration of Shaw-Mackenzie’s 
experiments from 2-18 hours gives a measure of the rate of reaction, as the 
writer found that 48 hours was the minimum period of reaction in order that 
equilibrium be established. The results of Shaw-Mackenzie and those re- 
corded in the present paper are therefore not strictly comparable. It is 
evident, moreover, that cholesterol and lecithin play little part in the lipolytic 
co-enzymic activity of serum. 


II. THE INFLUENCE OF SODIUM, POTASSIUM AND CALCIUM CHLORIDES 
ON LIPOLYSIS. 


A great deal of doubt exists as to the influence of the salts of the alkali 
metals and the alkaline earth metals on lipase action. Tanaka [1912] states 
that neutral salts of alkali metals augment lipolysis and that salts of the 
alkaline earths (Ca, Ba, Mg) act as inhibitors. Mellanby and Woolley [1914] 
state that electrolytes have no effect on the action of pancreatic steapsin. 
Falk [1918] concludes that sodium salts accelerate! but do not augment, 


1 An accelerator is here defined as a substance capable of increasing the rate of reaction, no 
account being taken of its influence on the extent of reaction. An augmentor is a substance 
capable of increasing the extent of reaction, no account being taken in this case of its influence 
on the rate of reaction: see footnote in previous paper by Corran and Lewis [1928]. The extent 
of hydrolysis observed at periods longer than 48 hours is the same as that observed at 48 hours, 
corresponding to a limiting extent of hydrolysis. A mass action equilibrium is, however, not 


assumed, 
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whilst calcium salts retard the rate and also diminish the extent of lipolysis. 
Hamsik [1911, 1915], Pekelharing [1912] and Willstatter [1923] state that 
sodium and calcium salts accelerate lipase action. With a view to determining 
the influence of the salts of the metals mentioned on the extent of lipase 
action, varying quantities of the salts were added to the reaction mixture 
and their effects investigated. The concentration of salts employed was in all 
cases low, 0-01 M aqueous solutions being used. The addition of salts was 
found to reduce the stability of the olive oil emulsion employed and it was 
found necessary to shake the reaction vessels at frequent intervals to ensure 
complete emulsification of the olive oil. The results are recorded in Table IV. 


Table IV. 


Duration of experiment, 48 hrs. Temperature 37°. 
Effect due to 


Lipase 0-01 M 0-01 M 0-01 M N/10 NaOH added salts in 
extract NaCl KCl CaCl, H,O Emulsion required N/10 NaOH 
ce. ce. ce. ce. ce. ce. ce. ce. 
1 0-0 0-0 0-0 5-0 5 24-00 — 
1 0-5 0-0 0-0 4:5 5 24-30 +0-30 
1 1-0 0-0 0-0 4-0 5 25-90 +1-90 
1 2-0 0-0 0-0 3-0 5 28-20 +4-20 
1 0-0 0-5 0-0 4-5 5 24-80 +0-80 
1 0-0 1-0 0-0 4-0 5 25-30 +1-30 
1 0-0 2-0 0-0 30 5 27-80 +3-80 
1 0-0 0-0 0-5 4-5 5 21-70 — 2-30 
1 0-0 0-0 1-0 4-0 5 19-50 — 4-50 
1 0-0 0-0 2-0 3-0 5 14-60 — 9-40 


It is evident that sodium and potassium chloride solutions oppose the 
action of calcium chloride. As these salts constitute the greater part of the 
inorganic salt constituent of serum, and moreover occur in small quantity, 
it is clear that the dialysable constituents of serum will have little measurable 
augmentative effect on lipase. The results with calcium chloride are inter- 
esting in view of Willstitter’s observation that calcium chloride accelerates 
lipase action. The difference in reaction conditions, for example py of the 
mixture and composition of the latter, makes comparison of the results 
impossible. 


III. THE INFLUENCE OF COPPER, MERCURY AND 
LEAD SALTS ON LIPOLYSIS. 


In an earlier paper [Corran and Lewis, 1928] results were recorded on the 
influence of lead, both ionic and colloidal, on the lipolytic augmentation 
produced by serum. In every case increases in the effects due to serum were 
recorded. More recently the influence of various metallic salts has been 
investigated, generally in the absence of serum, but in some cases also in the 
presence of serum. 0-01 M aqueous solutions of cupric and mercuric chlorides 
and 0-01 M lead acetate were used. In all cases the duration of experiment 
was 48 hours and the temperature 37°. 
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Table V. Influence of 0-01 M lead acetate on lipase in absence of serum. 


Lipase 0-01 M N/10 NaOH Augmentation 
extract Pb acetate Water Emulsion required in V/10 NaOH 
ee. ec. ce. cc. cc. ce. 
] 0-00 5-00 5 25-70 _— 
l 0-25 4:75 5 26-10 + 0-40 
l 0-50 4-50 5 27-70 + 2:00 
l 1-00 4-00 5 30-90 + 5-20 
1 2-00 3-00 5 38-10 + 12-40 
1 5-00 0-00 5 40-10 + 14-40 


Table VI. Influence of 0-01 M cupric chloride on lipase in absence of serum. 


Lipase 0-01 M N/10 NaOH Augmentation 
extract CuCl, Water Emulsion required in V/10 NaOH 
ce. ce. ce. ce. ce. ce. 
1 0-00 5-00 5 22-50 _ 
l 0-50 4-50 5 20-60 — 1-90 
l 1-00 4-00 5 18-55 — 3-95 
] 2-00 3-00 5 14-00 — 8-50 
] 3°00 2-00 5 6-70 — 15-80 
1 5-00 0-00 5 2-60 — 19-90 


Table VII. Influence of 0-01 M cupric chloride in presence of serum. 
Effect due to 


Lipase Ox 0-01 M N/10 NaOH CuCl, in 
extract serum CuCl, Water Emulsion required N/10 NaOH 
ce. ce. ce. ce. ce. ce. ce. 
l 0-0 0-00 5-00 5 22-00 wis 
1 0-5 0-00 4-50 5 44-00 — 
1 0-5 0-25 4-25 5 41-10 — 2-90 
1 0-5 0-50 4-00 5 34-60 — 9-40 
1 0-5 1-00 3-50 5 29-50 — 14-50 
1 0-5 2-00 2-50 5 26-50 — 17-50 
1 0-5 4-50 0-00 5 6-50 — 37-50 


Table VIII. Influence of 0-01 M mercuric chloride on lipase in presence of serum. 
Effect due to 


Lipase Ox 0-01 M N/10 NaOH HgCl, in 
extract serum HgCl, Water Emulsion required N/10 NaOH 
ce. ce. ce. ce. cc. ce. ce. 
l 0-0 0-00 5-0 5 21-50 —_ 
I 0-5 0-00 4:5 5 43-17 — 
] 0-5 0-50 4-0 5 40-00 - 317 
1 0-5 1-00 3°5 5 37-25 — 5-92 
] 0-5 2-00 2-5 5 34-15 — 9-02 
l 0-5 4:50 0-0 5 8-33 — 34-84 


Copper exerts an inhibitory action on lipase in absence of serum. Moreover, 
both copper and mercury exert a similar effect on the co-enzymic activity of 
serum. On the other hand, lead exerts an augmentative effect on lipase, both 
in presence and in absence of serum. It might be of advantage to compare 
the augmentations produced by lead acetate in absence and in presence of 
serum. In absence of serum, 0-5 cc. of 0-01 M lead acetate solution gives an 
augmentation (in terms of N/10 NaOH) of 2-00 cc. In presence of serum! a 
similar quantity gives rise to an augmentation of 7-12 cc. Whether lead exerts 
an influence on the enzyme alone or whether it interacts, in addition, with 
the co-enzyme in serum, is not clear. 


1 These values are the minimum values recorded in an earlier paper [Corran and Lewis, 1928]. 
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IV. THE LIPOLYTIC CO-ENZYME IN SERUM. 


With the object of endeavouring to ascertain to which of the various 
constituents of serum the lipolytic co-enzyme may be attributed, and, if 
possible, of isolating the co-enzyme itself, ox-serum was submitted to a 
separation into its constituents. 

Fresh ox-serum, previously centrifuged to remove any red blood-corpuscles, 
was employed. 50 cc. were dialysed in a collodion membrane, the distilled 
water in the surrounding vessel being changed every 6 hours. During dialysis, 
a precipitate was formed inside the membrane due to precipitation of a portion 
of the proteins in the serum. The dialysates were collected and thus the 
dialysable inorganic constituents of serum obtained. The mixture inside the 
membrane, consisting of serum freed from dialysable salts, was then filtered, 
the residue inside the filter-paper consisting of the euglobulin fraction. The 
filtrate was then acidified with a few drops of acetic acid and heated in a 
water-bath at 100°, when the proteins contained therein were precipitated. 
Thus the albumin + pseudoglobulin fraction was obtained, leaving in solu- 
tion, after filtration, the lipins and their derivatives. No further separation 
was carried out. The fractions isolated, namely, inorganic compounds, euglo- 
bulin, pseudoglobulin + albumin, and lipins, were then made up to 50 cc. 
with water or, alternatively, evaporated to the required volume, 7.e. so that 
the concentration of each constituent was identical with its concentration in 
the original serum, the protein fractions being in the form of coarse suspen- 
sions, which were shaken vigorously before volumes were measured out. 
Samples of 0-5 cc. of each mixture were taken and their lipolytic augmenta 
tions determined in the manner previously described. The accompanying 
table gives the results obtained. 


Table IX. 
Albumin 
+ pseudo- 
Lipase Inorganic Euglobulin globulin Lipin N/10 NaOH 
extract salts fraction fraction fraction H,0O Emulsion required 
ce. ce. ce. ce. ce. ce. ce. ce. 
1 0-0 0-0 0-0 0-0 5-0 5 24-00 
1 0-5 0-0 0-0 0-0 4:5 5 24-00 
1 0-5 0-0 0-0 0-0 4-5 5 23-80 
1 0-0 0-5 0-0 0-0 4:5 5 27-80 
1 0-0 0-5 0-0 0-0 4:5 5 28-00 
1 0-0 0-0 0-5 0-0 4:5 5 40-70 
1 0-0 0-0 0-5 0-0 4:5 5 40-90 
1 0-0 0-0 0-0 0-5 4-5 5 24-10 
1 0-0 0-0 0-0 0-5 4:5 5 24-20 


Table X. Mean augmentations produced by each fraction of serum. 
ec. V/10 NaOH 


Inorganic salts 0-00 
Euglobulin fraction 3-90 
Albumin + pseudoglobulin fraction 16-80 
Lipin fraction 0-15 
Total 20-65 cc. N/10 NaOH 


Biochem. 1929 xx111 : 13 
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(0-5 cc. of untreated fresh ox-serum gives an augmentation of 22-0 cc. 
N/10 NaOH.) It is noteworthy that the total effects are as close together as 
they are in view of the somewhat drastic alterations in the physico-chemical 
state of the protein fractions. : 

It is evident that the albumin + pseudoglobulin fraction contains the 
greater part of the lipolytic co-enzyme. The value due to the euglobulin 
fraction may be due to the co-enzyme present in this fraction or possibly to 
incomplete separation of the albumin and euglobulin fractions. It is inter- 
esting to note that the inorganic salt fraction and the lipin fraction have no 
co-enzymic effect, thus bearing out the results recorded in a previous section 
of this paper. 

SUMMARY. 

(1) The influence of a number of different compounds on lipolysis has 
been investigated. 

(2) The quantitative effects of purified lecithin and cholesterol were 
similar and only slight. In low concentration both compounds act as aug- 
mentors, the values of the augmentations subsequently falling with increasing 
concentration. 

(3) The influences of sodium and potassium chlorides on lipase are only 
slightly augmentative. Calcium chloride, on the other hand, acts as an in- 
hibitor, its quantitative effect being greater than that of sodium or potassium 
chloride. 

(4) Ionic lead acts as an augmentor towards lipase in the presence and in 
the absence of serum. Copper, both in absence and in presence of serum, 
acts as an inhibitor, as does mercury. 

(5) The albumin + pseudoglobulin fraction of blood-serum was found to 

possess over 80 °% of the co-enzymic activity exhibited by serum. 
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XXVI. THE NATURE OF THE PECTIC 
SUBSTANCES OF FLAX. 


A PRELIMINARY INVESTIGATION. 


By FREDERICK WALTER NORRIS. 
From the Department of Biochemistry, University of Birmingham. 


(Received February 28th, 1929.) 


As the result of recent researches our knowledge of the pectic substances of 
plants has become more systematic, and it is proposed in the present paper 
to adhere to the nomenclature adopted by the American Pectin Symposium 
of 1925. Thus we are now acquainted with protopectin, the naturally occurring 
pectic substance; pectin, the substance extracted from the plant by chemical 
or other means with the minimum of chemica! degradation; and pectic acid, 
a derived product. 

For the purposes of the present communication it is necessary to refer 
briefly to some recent investigations, commencing with the isolation of pectic 
acid [Clayson, Norris and Schryver, 1921]. It was shown that pectic acid 
could be prepared from a large variety of plant sources, that it appeared to 
be of constant, or very nearly constant, composition without reference to 
the particular source, and was, in fact, a definite chemical entity. Important 
researches, notably by Ehrlich [1917, 1924], culminated in the suggestion of 
a ring formula for pectic acid by Nanji, Paton and Ling [1925]. According 
to this sugyestion, pectic acid is the basal substance to which the other pectic 
substances may be referred, and the molecule is a closed six-membered ring, 
whose members represent one molecule of anhydro-arabinose, one molecule 
of anhydro-galactose and four molecules of galacturonic anhydride, the four 
carboxyl groups of the last being free. Pectin, or the “pectinogen” of 
Schryver and Haynes [1916] and Norris and Schryver [1925], contains, in 
addition, methyl alcohol to a varying extent, in ester combination with the 
free carboxyl groups of the original pectic acid. 

No serious objections to this suggested formula have been advanced since 
its publication, nor has the uniform nature of pectic acid derived from different 
sources been disputed. Only in one case has there been any indication of a 
departure from this generalisation, that of the pectic substance of flax. 
Ehrlich and Schubert [1926] suggested the presence of xylose in addition to 
the usual constituents of the molecule, but this has not been confirmed. In 
a recent paper on the subject, Henderson [1928] casts some doubt on the 
validity of the ring formula in the case of flax pectin, and rejects it in favour 
of a simpler galactose-tetragalacturonic acid formula: 

(C.H99; -4C,H,0, — H;0),; 


arabinose is regarded as an adventitious adsorbed impurity. 


13—2 
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The present investigation was undertaken to test the correctness of 
Henderson’s criticisms. His method of work was not repeated exactly, as it 
was considered advisable at the present stage to prepare the pectic substances 
by the general methods which have been adopted in previous communications 
[Clayson, Norris and Schryver, 1921; Norris and Schryver, 1925]. Thus there 
is nothing novel in the methods adopted, which consisted of a first treatment 
of unretted flax with hot water until colourless washings were obtained. The 
flax was then divided into two portions, each representing 200g. of the ~ 
original flax. One portion was treated directly with 0-5 ° ammonium oxalate 
solution at 95-98° for 2 hours; the extract was then filtered off and precipi- 
tated with 2 volumes of 95 % alcohol. The gel was purified by re-solution in 
distilled water and reprecipitation in alcohol some five or six times, when a 
colourless product was finally obtained. This is the soluble pectin, the 
““pectinogen”’ of Schryver and the “ammonium oxalate pectin” of Henderson. 

The other portion of flax was treated first with cold 4 °{ sodium hydroxide, 
which was subsequently completely washed from the fibre. The latter was 
then treated as usual with hot 0-5 % ammonium oxalate solution, and a gel 
was precipitated from this extract by concentrated hydrochloric acid. The 
gel in this case was not free from colour, but after repeated solution in the 
absolute minimum of dilute ammonia, and reprecipitation in acid alcohol, 
most of the colour was removed and a good sample of pectic acid obtained. 

The ash content, furfural and carbon dioxide produced on hydrolysis 
with 12 % hydrochloric acid were determined for each product, and in the 
case of the soluble pectin, methoxyl groups were also estimated, the results 
being shown below. 


Pectic acid Pectin 
0 O/ 
oO /0 
Ash 0-99 5-3 
Furfural 20-16 (average of 3 det.) 20-9 (average of 3 det.) 
Carbon dioxide 17-80 (average of 3 det.) Not det. owing to lack of material 
Methoxyl — 9-65 (average of 4 det.) 


DISCUSSION OF RESULTS. 


The results summarised above are quite in accordance with expectations 
based on the ring formula of Nanji, Paton and Ling. Considered side by side 
with analyses of pectic acid and pectin from widely different sources, they 
present no unusual features. This is clearly indicated by reference to Table I 


(Nos. 17 and 18). 
Yield of carbon dioxide on hydrolysis. 


Henderson bases his suggested formula on this value, which he finds to 
be an increasing one with increasing apparent purity of the sample. Thus, 
on repeated re-solution in caustic soda, followed by reprecipitation with acid 
alcohol, a product is finally obtained which yields 20-9 °% of carbon dioxide. 
Although most of the experimental errors in the determination of carbon 
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dioxide are likely to lead to high results, this progressive increase is difficult 
to understand, especially in view of the fact that recent work by Candlin 
and Schryver [1928] would seem to indicate that a loss of radicles which yield 
carbon dioxide takes place on prolonged treatment of pectin with caustic soda. 


Table I. Analyses of pectic substances. 


Nature of Furfural co, 
product Source Reference % 9 
1. Pure pectic acid Pea-pod Clayson, Norris and Schryver [1921] 20-7 — 
2. ¥ Turnip os a 21-6 = 
3. re Onion % ae 20-7 -— 
4. ‘si Orange 45 = 21-5 = 
5. es Cabbage a ES 20-3 — 
6. <6 Apple a a 21-7 -- 
7. Crude pectin a Nanji, Paton and Ling [1925] _— 13-79 
8. Purified pectin x ee mr. — 18-56 
9. Pectin A Beet $s es — 18-08 
10h: a ae s as < at 19-81 
11. Pectic acid Orange as ty — 18-09 
12. os Onion ae is — 18-00 
13. Calcium pectate (calc. on ash-free basis) _,, s — 17-64 
14. Pectic acid Orange juice Norris [1926] 20-4 — 
15. Pectin ss a 19-2 ~- 
Average of observed figures... “0 a oes an Jae 20-75 17-71 
Calculated figures from ring formula ... aes See a0 ae 20-85 17-64 
Calculated from Henderson formula ... sia Rae ae ses 14-03 20-70 
16. Pectic acid Flax Henderson [1928] os 20-90 
a7. ea 53 Present communication 20-16 17-80 
18. Pectin 55 = 20-90 — 


In discussing the results of Nanji, Paton and Ling, Henderson suggests 
that the yields of carbon dioxide obtained by them approach the higher 
figure, 20-7 %, required by his formula, and that with further purification 
of the products this figure might have been reached. In point of actual fact, 
the reverse is true—with increasing purity of product, their results more 
nearly approach the lower figure, 17-6 %, required by the ring formula. 
These results are shown in the table (Nos. 7-13); calcium pectate (No. 13) 
can be prepared in a high state of purity, and, with a carbon dioxide yield of 
17-64 % (on ash-free basis), gives the exact figure required by the ring 
formula. Of the other products, the pectic acids, Nos. 11 and 12, were very 
carefully prepared and purified by the writer and give results of 18-09 and 
18-00, again very nearly approaching the theoretical figure required by the 
ring formula. Pectic acid obtained from flax in the present instance (No. 17) 
shows a result, 17-8 9%, much more closely in agreement with that required 
by the ring formula than with the formula of Henderson. 


Yield of furfural on hydrolysis. 

The case for the formula suggested by Henderson is not strengthened by 
his omission to quote the yields of furfural obtained from his products. The 
average yield of furfural from pectin is about 20-75 % (see Table I); the 
theoretical yield on the basis of the ring formula is 20-85 %, and in the present 
instance the pectic acid and pectin from flax give 20-16 and 20-9 % respectively. 
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These figures are in good agreement, therefore, with those usually obtained, 
and here it may be remarked that the calculated figures are only approximate, 
although the errors involved in the calculation are of the same order as the 
experimental ones. 

If the suggestion of Henderson, that arabinose is an adsorbed and conse- 
quently variable impurity, is correct, then no constant value for furfural could 
be expected. Further, a substance of the type suggested by him—galactose- 
tetragalacturonic acid—would yield only approximately 14 % of furfural. 
It is extremely unlikely that so low a figure has ever been quoted in the 
literature in the case of a pure pectic substance, and it is quite outside the 
range indicated in the table. The apparent constancy of the furfural yield— 
circa 20 %—militates against the suggestion that arabinose is a variable 
constituent of pectin. 

It may be remarked in passing that the methoxyl content, 9-65 %, is 
also quite a normal figure for pectin produced by 2 hours’ extraction with 
hot 0-5 9% ammonium oxalate. 

It is possible that the abnormal results obtained by Henderson may be 
due to an impurity, in spite of protracted attempts at purification. Thus it is 
highly probable that pectin is frequently contaminated with substances of 
the type known as hemicelluloses [Norris and Schryver, 1925]; further, 
O’Dwyer [1928] has indicated that this type of substance contains methoxyl 
in a form of combination which renders it highly resistant to the action of 
alkali. The observation by Henderson, that even after purification his product 
still contained a small quantity of residual methoxyl, is in harmony with the 
suggestion that hemicellulose might be an impurity. 

In conclusion it cannot be said that a valid argument has been advanced 
by Henderson, and there seems to be no adequate reason for rejecting the 
ring formula in the case of the pectic substances of flax. 

The results obtained by Henderson with reference to the progressive 
hydrolytic breakdown of pectin are of considerable interest and will form the 
subject of a further communication. 


The author desires to express his thanks to Prof. A. R. Ling for his interest 
in the present work, and to Mr A. C. Hulme for practical assistance. 
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XXVII. STUDIES IN THE METABOLISM OF 
TISSUES GROWING JN VITRO. 


III. CYANIC ACID AS A POSSIBLE PRECURSOR OF 
THE AMMONIA AND UREA FORMED BY EMBRYO 
KIDNEY TISSUE. 


By BARBARA ELIZABETH HOLMES anp ELSIE WATCHORN. 
From the Biochemical Laboratory, Cambridge. 


(Received February 28th, 1929.) 


Ir has already been shown [Holmes and Watchorn, 1927; Watchorn and 
Holmes, 1927] that embryonic kidney tissue of the rat growing in vitro is 
capable of forming both ammonia and urea, while under the same conditions 
non-growing tissue is inactive in this respect. For the sake of clearness, it is 
necessary to recapitulate this work to some extent, but for details earlier 
papers should be consulted. Ammonia and urea are estimated by a modifica- 
tion of Stanford’s [1923] method, as previously described. The medium em- 
ployed is an embryonic tissue extract, made up in Pannett and Compton’s 
[1924] modification of Ringer’s solution. The controls used are the following: 

(A) 2 cc. of medium, kept at 0° for 48 hours; 

(B) 2 cc. of medium, plus the same amount of embryo kidney tissue as 

is used in the experimental flasks; this is also kept at 0° for 48 hours; 

(C) 2 cc. of medium incubated for 48 hours. 

The experimental preparations are also incubated for 48 hours and consist 
of 2 cc. of medium plus embryo kidney tissue. From control B the amounts 
of ammonia and urea in the medium and kidney tissue at the beginning of 
the experiment can be determined, while C — A (the difference is usually 
small) allows for any ammonia and urea which may be formed by the medium 
itself during the 48 hours’ incubation through autolytic or other processes. 
The total control is thus represented by B+ (C—A). If the content of 
ammonia and urea in the experimental preparations is in excess of that in the 
total control, it is plain that the extra amounts have been formed by the 
activity of the tissue explants. 

The growing tissue is supported upon cotton wool strands, while growth 
is prevented in the “resting” or non-growing preparations by lack of me- 
chanical support. The depth of fluid even in this case is very small, but is 
just sufficient to float the minute fragments of tissue. 

We have always found that the content of urea- and ammonia-nitrogen 
in the non-growing specimens is the same as that of the total control, that is 
to say these substances are not formed, under our conditions, by non-growing 
tissue. On the other hand the growing tissues form very considerable amounts 
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of both these substances. Quite early in the course of the work it became 
obvious that sometimes it was chiefly ammonia that was formed, and some- 
times chiefly urea, although there was no reason to suppose that the con- 
ditions could have varied from one experiment to another. Moreover we have 
sometimes found that when one experimental series included two growing 
preparations, the total rise in ammonia- and urea-nitrogen might be the same 
in both of them, but in one case it might be predominantly urea and in the 
other predominantly ammonia formation which accounted for the rise. The 
medium on the other hand would be identical in the two cases, and the 
kidneys taken from embryos of the same litter, so that conditions would not 
differ to any appreciable extent. The following example is taken from an 
experiment giving this type of result: 


Total control lst grower 2nd grower 
mg. mg. mg. 
NH,-N 0-060 0-073 0-084 
Urea-N 0-027 0-054 0-040 
NH, + Urea-N 0-087 0-127 0-124 


It is quite certain that rat kidney tissue does not contain urease, so that 
in no case can the ammonia be formed from urea, and, on the other hand, we 
have never obtained any results suggesting that the tissue is capable of con- 
verting ammonia into urea. In order to test this point we have carried out 
experiments in which ammonia has been added to the medium. In no case, 
either in floating or growing preparations, has there been any utilisation of 
the ammonia to form urea. 

It seems therefore, that we cannot account for the apparently alternative 
appearance of urea and ammonia during growth by assuming that either of 
these substances, once formed, can be converted into the other. 

The simplest explanation of the results is that there is a common pre- 
cursor of urea and ammonia, which may be easily converted into either of 
these, and which is made by the growing tissues during the breakdown of 
nitrogenous substances. 

Werner [1923] and Fearon and Montgomery [1924] have suggested that 
cyanic acid may arise in the animal body as a result of the deamination of 
amino-acids, and that this could then give rise (as it is, of course, well known 
to do in vitro) to both ammonia and urea. Fearon and Montgomery have 
shown that cyanate may be formed during the oxidation of amino-acids in 
vitro (particularly in the presence of carbon compounds), but the evidence 
for its formation in the animal body is very slender. 

However, if Werner’s theories are correct, we may imagine that the 
growing preparations of kidney tissue can form cyanic acid during the de- 
amination of the protein derivatives contained in the medium. The non- 
growing tissues do not carry out these deaminations to any extent, but if 
supplied with cyanic acid from outside they should produce ammonia and 
urea from it, so that a non-growing preparation to which cyanic acid had been 
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added might give the same type of result as a growing preparation with an 
ordinary medium. A series of experiments was undertaken to test this point. 

Neutralised potassium cyanate (py 7-2), which contains, of course, a con- 
siderable proportion of free cyanic acid, was used. The Ringer’s solution 
containing cyanate was sterilised by filtration through a candle, in order to 
avoid breakdown of the cyanate. The final concentration was such that about 
0-05 or 0-06 mg. of cyanate-nitrogen was present in 2 cc. medium. The best 
results are obtained with embryos two or three days before their expected 
birth. It was very necessary to show that the cyanate in this concentration 
was not toxic to the tissues, as dead tissue would probably give rise to ammonia 
and urea by autolysis. Many microscopical examinations were therefore 
carried out, and it is safe to say that the cyanate did not inhibit the growth 
of embryonic kidney tissue and it is very improbable that it was appreciably 
toxic at this dilution. The objection of the extreme toxicity of cyanate has 
often been brought forward against the Werner and Fearon theory. This 
objection is plainly not valid, and it must be pointed out that the concen- 
tration of cyanic acid in our medium (7-5-9-0 mg. cyanic acid per 100 cc.) is 
considerably greater than that supposed by Montgomery [1925] to be present 
in blood. 


Table I. 
Ammonia-N Urea-N Total urea-N + NH,-N 
cco !-——— OV Se 
Resting Resting Resting 

Exp. Control tissue Control tissue Control tissue 

No. mg. mg. mg. mg. mg. mg. 
54 0-034 0-045 0-016 0-016 0-050 0-061 
59 0-026 0-021 0-021 0-052 0-050 0-073 

60 0-036 0-054* 0-040 — 0-076 — 
0-050 0-048 0-098 

66 0-030 0-048 0-016 0-021 0-046 0-069 
0-043 0-019 0-062 

69 0-026 0-039 0-028 0-028 0-054 0-067 
0-033 0-050 0-083 

70 0-034 0-035 0-032 0-050 0-066 0-085 
0-048 0-065 0-113 

72 0-028 0-054 0-042 0-044 0-070 0-098 


0-060 _— — 

* Where two sets of figures are given, these refer to two separate preparations in the same 
experimental series, the control therefore being the same for both. 

The results are given in Table I, and it can be seen that in the presence 
of non-growing embryonic kidney tissue the added cyanate is partly broken 
down, yielding ammonia or urea, or a mixture of the two, thus giving results 
exactly like those found in the case of growing tissue without added cyanate. 
When no tissue was present, and the medium incubated by itself (control C), 
there was not usually any perceptible breakdown of the cyanate, though this 
did occur on one or two occasions (these experiments are not quoted in the 
table). It is therefore undoubtedly true that the kidney tissue can catalyse 
the breakdown of the cyanate in some way, though whether by direct enzymic 
action or by indirect physical means, such as local alterations of py in the 
medium, it is not possible to say. 
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No breakdown of cyanate occurs during the course of the estimations, 
provided that the temperature is not raised above 55° during the distil- 
lations. 

Although these experiments cannot be held to prove that cyanic acid is 
formed by the nitrogenous metabolism of growing tissues, it can be said that 
if cyanic acid is formed during growth then the results which we have formerly 
described can be very satisfactorily explained. 

Werner [1923] suggests that the following equation represents the forma- 
tion of urea from cyanate: 


2HN:CO + H,O = CON,H, + CO, 
whereas in the presence of extra ammonia he thinks that more urea would 
be formed from the same amount of cyanate, the ammonia being utilised: 
2HN: CO + 2NH, = 2CON,H,. 


According to this theory, the tissues growing in embryo extract, if they were 
in fact forming cyanate, should utilise some of the ammonia already present 
to form urea. This, however, never occurred, even when extra ammonia was 
added to the medium. This does not show that cyanate is not formed during 
growth, as we were at first inclined to think, since when cyanate was actually 
added to the medium there was no sign of ammonia utilisation, nor was there 
anything to suggest that the proportion of urea formed depended upon the 


amount of ammonia present. Possibly the concentrations of ammonia used 
(about 3 mg. per 100 cc.) were not sufficient to affect the reaction. During 
life there may be local concentrations far greater than this, particularly in 
the functioning kidney and liver, but larger amounts, if added to the medium 
of cultures, would probably prevent growth. 


The breakdown of 1: hydantoinacetic acid. 


Some time ago Dakin [1908] described the appearance in the urine of 
the uramido-acid from phenylalanine when the latter was injected intra- 
venously into a rabbit, and also of both the uramido- and the hydantoin 
derivatives when inactive tyrosine was fed to cats [Dakin, 1910,1]. He 
suggested that urea might be formed directly from these without the inter- 
mediate formation of ammonia. He later [1926] pointed out that if cyanic 
acid were present in the body, it would probably react with amino-acids to 
give uramido-acids and hydantoin. When the uramido- and hydantoin de- 
rivatives of dl-phenylalanine and dl-leucine were fed to rabbits, they were 
excreted unchanged. However, when the derivatives of d-glutamic acid were 
fed, only a small proportion could be recovered, and the hydantoinacetic 
acid from l-aspartic acid was also mainly destroyed in the body. 

COOH.CH,.CH.CO\ 
| SNH 
NH—CO 
Hydantoinacetic acid 
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It seems probable from Dakin’s work that these substances are normally 
formed during metabolism and as their fate is of biochemical interest in con- 
nection with the cyanate theory of urea formation in the body, we prepared 
|-hydantoinacetic acid from l-aspartic acid and potassium cyanate according to 
the directions given by Dakin [1910, 2]. The hydantoin was then added to the 
medium in sufficient amounts to bring the final concentration to 0-06-0-08 %, 
and the Ringer’s solution containing the hydantoin was sterilised by steaming 
three times. A few experiments only have been carried out, but they show 
quite definitely that the embryo kidney tissue can break down the hydantoin 
and form urea from it without necessarily showing any formation of extra 
ammonia. This breakdown may also occur in the medium when this is incubated 
by itself; the enzymes concerned are therefore probably not peculiar to the 
kidney, but can be extracted from other embryonic tissues. For instance, in one 
experimental series the urea-N of the total control should have been, judging 
by the controls kept at 0°, about 0-02 mg. whereas the urea-N in the incubated 
medium had increased to 0-03 mg. in one preparation and 0-054 mg. in another. 
A non-growing tissue preparation in the same series contained 0-043 mg. urea- 
nitrogen. No extra ammonia was found. In one experiment ammonia was 
produced, and not urea, the amounts being as follows: ammonia-N in total 
control 0-044 mg., and in two non-growing preparations 0-057 and 0-061 mg. 
respectively. It is therefore possible that cyanic acid and not urea itself can 
be first split off from the hydantoin, and give rise to either urea or ammonia. 

It is not possible to say from these results whether hydantoin formation 
plays an important part in the production of urea from cyanate by kidney 
tissue. 

Utilisation of urea by embryonic kidney tissue. 

During the course of experiments with added cyanate we found that the 
growing preparations often showed a very considerable fall in urea content 
(Table II). It is not at all probable that this reaction would complicate the 
formation of urea from cyanic acid, supposing the latter to be formed during 
growth. It is reasonable to suppose that cyanic acid, if formed, would be broken 
down quickly, and would never accumulate to any extent. In this case the 
urea formation from cyanic acid would be the predominant reaction, and not 
the disappearance of urea that is noticeable when considerable amounts of 
cyanate have been added. 


Table II. 
Total control Non-growing tissue Growing tissue 

Exp. Urea-N Urea-N Urea-N 
No. mg. mg. mg. 
54 0-024 — 0-014 
57 0-028 — 0-016 
60 0-040 0-031 — 
62 0-026 0-011 
65 0-050 0-022 0-008 
68 0-073 — 0-050 
72 0-038 — 0-026 


N.B. In all the above experiments cyanate was added to the medium. 
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The fall in urea content may be quite large, and when the fact that urea 
production is probably proceeding at the same time is taken into considera- 
tion, it will be seen that the amounts of urea utilised are very considerable. 
We know that the urea is not broken down to ammonia, so that it is probably 
taking part in a synthesis; as yet, however, we have no further knowledge of 
its fate. 

Some of the examples given in Table IT show a fall of urea-nitrogen in 
the non-growing tissue as well as in the growing. In the former it is more 
usual, as already pointed out, to find a rise in urea due to the breakdown of 
the cyanate, and the loss of urea is always greater when growth occurs. The 
incubated medium (control C) often showed a very slight decrease in its urea 
content when compared with the ice-chest medium (control A). That this 
decrease is real, and not an experimental error, is shown by the fact that on 
one occasion the drop in urea-N was considerable (over 0-01 mg.). Evidently 
then, the disappearance of urea does not entirely depend upon growth, or 
even upon the presence of embryo kidney tissue, but can be brought about 
to some extent by the embryo extract used for the medium. 

The disappearance of urea during growth had previously been noticed 
[Watchorn and Holmes, 1927] when the medium contained additional glucose, 
though never when the plain embryo extract was used. 


SUMMARY. 


(1) The possibility that cyanic acid may be the precursor of ammonia 
and urea formed by growing kidney tissue has been discussed, and experi- 
ments have been described to test this point. 

(2) Cyanic acid in the presence of embryo kidney tissue is broken down 
to ammonia and urea, and the tissue catalyses the reaction. 

(3) Cyanic acid does not appear to have a toxic effect upon the tissue, 
when it is present in amounts up to 9-0 mg. per 100 cc. of medium. 

(4) l-Hydantoinacetic acid, which might arise in the body as the result 
of a reaction between /-aspartic acid and cyanic acid, is also broken down by 
embryonic tissue, and gives rise to urea and ammonia. 

(5) In the presence of cyanate, urea may disappear from the cultures. 
This is particularly the case when the tissue is actively growing. 


Our best thanks are due to Miss A. Patey, who prepared for us a specimen 
of pure potassium cyanate, and who also on one or two occasions very kindly 
helped us-in the technique of setting up the cultures. 

We are indebted to the Medical Research Council for grants which have 
made this work possible. 
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In earlier papers of this series [Harris and Moore, 1928, 1, 2, 1929], a description 
has been given of some of the effects produced by large overdoses of vitamin D 
(irradiated ergosterol). Amongst these effects is the extensive deposition of 
calcium salts in various parts of the body. This finding, together with the 
well known effects of deprivation of vitamin D, rendered it desirable to in- 
vestigate the effect of overdosage of the vitamin on the calcium and phos- 
phorus content of the blood. Hess and Lewis [1928], indeed, had noticed 
several cases of hypercalcaemia and three cases of abnormally high blood- 
phosphorus in a series of rachitic patients treated with irradiated ergosterol 
at the rate of 2-5 to 5 mg. per diem. 

This note is intended to give a preliminary report of our results. Publi- 
cation at the present juncture is prompted by the appearance of a note by 
Hess, Weinstock and Rivkin [1928] which has just come to our notice. These 
authors found that in young rats, on a diet high in phosphorus but con- 
taining negligible amounts of calcium, so that the serum-calcium was very 
low (6-4 mg. per 100cc.), the serum-calcium was rapidly raised towards 
a more normal level by daily administration of 1 mg. of irradiated ergosterol. 
Our own experiments differ from those of Hess and his co-workers in two 
important particulars—we used adult animals, and made no attempt to 
restrict the calcium intake below the normal. 

The main experiment we have to describe was carried out with adult 
rabbits which were allowed an unlimited diet of oats and cabbage leaves. 
Water was offered to the animals, but was never touched. Six rabbits were 
used and, after a control period during which samples of blood were with- 
drawn periodically for estimation of the serum-calcium by the method of 
Kramer and Tisdall [1921] and of the inorganic phosphate of the blood by 
the method of Briggs [1924], were divided into three groups. The first group 
received daily 0-5 cc. of arachis oil; the second received 0-5 cc. arachis oil 
containing 10mg. non-irradiated ergosterol; the third received 0-5 cc. of 
arachis oil containing 10 mg. irradiated ergosterol!. The oil was administered 


1 The ergosterol was irradiated in alcohol as previously described [ Harris and Moore, 1928, 1, 2]. 
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by pipette, lest mixing with the ordinary food should lead to its refusal. The 
rabbits proved unexpectedly resistant to overdosage of the vitamin, and it 
was only after nearly a month of this treatment that any change in the blood- 
Ca or -P was noted. Although no record was kept of the food consumption 
it was noted, 25 days after the first dose, that the two rabbits receiving 
irradiated ergosterol had consumed much less than usual. The following day 
food was again refused, and on that day the blood showed an increased content 
of inorganic phosphorus, the serum-calcium, however, remaining normal. 
A fortnight later the blood-phosphorus was still high, about 50% above 
normal, and the serum-calcium showed a slight increase. The control animals 
showed no significant change throughout. (The figures are given in Table I.) 


Table I. 


P=mg. inorganic phosphorus per 100 cc. blood. 
Ca=mg. calcium per 100 cc. serum. 





No ergosterol Non-irradiated ergosterol Irradiated ergosterol 

OLS es ¢ “ae ~ 

I Il It IV v: VI 
a a iat ——— ——S A 
Date P Ca > P Ca P Ca P Ca P Ca 
Dec. 10th 4:20 10-9 4-50 11-7 4:50 9-7 4-60 12-0 5-00 11-4 5-00 11-8 
» 15th 4:45 110 460 11-4 4:30 95 4-00 11-0 4:50 12-4 5-40 11-6 
» 20th 4:00 10-4 4:30 10:3 4-70 10-3 4-50 11-5 5:30 13:0 5-10 12-0 
» olst 4:12 10-7 4-40 10-9 4:10 10-0 4-00 11-8 5-70 11-8 5-30 11-5 
Jan. 3rd 4:30 10-3 435 10-4 4:30 10-5 4-40 11-3 5-40 12:0 5-00 11-4 


End of control period. Feeding started 


>. a 4:35 10-6 4-28 10:3 4:00 10-2 4-30 11-0 5-10 11-8 5-20 11-7 
» 10th 4:00 10-7 4:12 10:5 4:44 103 4-00 11-4 5-72 11-8 5-00 12-0 
» 14th 4-20 11:0 4-40 10-0 440 99 4-20 10-8 4-70 11-7 5-30 11-8 
» olst 4:41 113 4-17 10-6 500 — 4-30 11-1 750 116 7-50 11-8 
Feb. 13th 4:10 11-5 4-35 11:3 4-70 10-1 4:15 11-5 765 125 8-00 12-6 


We hesitate to accept the last estimations on rabbits V and VI as showing 
a definite rise in the serum-calcium. Certainly they are higher than the 
preceding ones, but the normal fluctuations in the serum-calcium of rabbits 
are often as great as the difference between the last and penultimate analyses. 
Unfortunately at the time we were in ignorance of Hess’s work on the ad- 
ministration of vitamin D to rats, and the rabbits were killed at this stage 
and examined post mortem for the characteristic changes. 

Post mortem examination showed that the usual deposition of calcium 
salts had taken place. That in the kidney was visible to the naked eye, and 
the urine in the bladder was noticeably cloudy and found to be saturated 
with calcium salts. The rabbits had not lost weight, however, and, though 
eating less than normally, were by no means starving. 

The absence of a definite hypercalcaemia, even if it be admitted that the 
approaching onset of such a condition is indicated, may be due to the rela- 
tively high resistance of the adult animals to overdosage with vitamin D and 
adequate excretion. A larger dose, or continuation of the experiment for a 
longer period, might have produced a definite increase in the serum-calcium. 
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It seems unlikely that the larger amounts of calcium fed to our animals is 
the cause of the difference between our results and those reported by Hess 
in cases of experimental hypocalcaemia. In this connection it is interesting 
to note that Hess, Weinstock and Rivkin [1928] were unable to bring about, 
in adult rats, the rapid fall in the serum-calcium which, in young animals, 
was produced by the low calcium-high phosphorus diet which they employed. 
At the same time, the composition of the diet cannot be ignored as a possible 
factor in determining the precise effect of overdosage of vitamin D. Deficiency 
of the vitamin may be followed by a low blood-phosphorus or a low blood- 
calcium, or both, with of course faulty calcification, according to the diet; it 
is quite possible that excess of the vitamin may cause high phosphorus or 
high calcium, or both, again according to the diet. Hess states that he is in- 
vestigating this point. 

In any case, the degree of hypervitaminosis must have some part in 
deciding the blood-picture, and in an experiment on young rats (100 g.) to 
which irradiated ergosterol (0-1 °% of diet) was administered until, after 
14 days, a loss of from 20 to 30 g. in weight had resulted, we have found again 
a high inorganic phosphorus content of the blood and also a definitely raised 
serum-calcium. The blood, a mixed sample from two rats, contained 7-0 mg. 
of inorganic phosphorus per 100 cc., an amount about 50 °% above the normal, 
while the mixed serum contained 12-6 mg. of calcium per 100 cc., about 25 % 
more than the normal, which in rats is about 10 mg., with a range of 9-5 to 
10-5. The animals used in this experiment received a diet containing an 
adequate amount of calcium and phosphorus in normal ratio. 

Further experiments are being carried out to show the effect on the 
calcium and phosphate content of the blood of different degrees of hyper- 
vitaminosis, and an attempt is being made to investigate the significance of 
the increase in inorganic phosphorus which, according to the preliminary 
experiments here described, seems to precede the hypercalcaemia. 


SuMMARY. 


1. In the young rat, the administration of a complete synthetic diet 
(normal Ca—P ratio) containing 0-1 % of irradiated ergosterol was followed 
by a 50% increase of blood-inorganic phosphate and a 25 % increase of 
serum-calcium. 

2. In adult rabbits receiving a normal mixed diet, administration of 
10 mg. per diem of irradiated ergosterol per animal was followed, after upwards 
of a fortnight at the normal level, by a 50 % increase in the blood-inorganic 
phosphate. After six weeks there was still no significant rise in serum-calcium 


although abnormal deposits of calcium had already appeared in the body. 


The authors’ thanks are due to Dr A. C. White, of Edinburgh University, 
who undertook the care of the rabbits used in this work, and who administered 
the doses of vitamin and obtained the samples of blood for analysis. 
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As has been pointed out by Meyerhof [1927], the rate at which glucose is 
utilised by the mammalian muscle enzyme system is very much smaller than 
that at which glycogen is broken down to lactic acid. This is true whether 
minced muscle or muscle extract be employed, but in the latter case the 
difference is much more marked; in fact it is commonly found that an extract 
highly active for glycogen is practically without action upon glucose in similar 
concentration. In presence, however, of an activator whose preparation from 
yeast is described by Meyerhof, such an extract acquires the power of dealing 
with glucose and other fermentable hexoses. 

It is well known that certain tissues other than muscle, e.g. brain and 
kidney, habitually metabolise glucose with formation of lactic acid; this has 
been demonstrated in the case of brain by Warburg, Posener and Negelein 
[1924], Loebel [1925] and by Holmes and Holmes [1925 and other papers], 
and in the case of kidney by Irving [1927, 1928]. In view of such observations 
the interesting possibility arises that these tissues may contain an activator 
similar in nature to the substance which can be obtained from yeast. The 
work reported in this paper comprises a number of observations which arose 
out of experiments originally undertaken with the purpose of testing this view. 

Preliminary results appeared to indicate that brain did contain a factor 
which could be extracted and which was capable of activating the system 
(muscle + glucose) with production of lactic acid; and the same seemed to 
be true, in lesser degree, for kidney. After a series of failures to obtain active 
extracts, however, it became apparent that the power of activation was de- 
pendent upon the presence of intact tissue in the so-called extracts; and when 
cell-free preparations were used, or when the tissues were finely ground during 
the process of extraction, in no case was any activating power demonstrable. 
This finding is in concordance with the state of affairs in muscle tissue itself, 
in that whole muscle is able to a certain extent to utilise glucose for the 
formation of lactic acid—a property which is in large degree lost on mincing, 
and almost completely lost in an aqueous extract. 

It would appear then that at least in the instances of muscle, brain and 
kidney the first stage in the fermentation of glucose is a process involving 
intact cells, an observation which has been made by Irving for kidney tissue 
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and for red blood-corpuscles. Although there is no reason to suppose that the 
series of reactions leading to the production of lactic acid from carbohydrate 
is the same for muscle and other tissues, the fact that these other tissues are 
able to activate glucose in such a way that it can be attacked and fermented 
by the muscle enzymes supports the possibility that this first stage at least 
may be identical in all three cases. 


Methods. 


The suspensions of the various tissues employed were made, except where 
otherwise stated, by chopping the material finely with scissors and razor, 
after which the chopped mass was thoroughly mixed with water, or more 
frequently with Ringer’s solution, in such a way that 5 g. tissue were equi- 
valent to 30 cc. of suspension. After allowing the coarser particles to settle 
the suspensions were used without further treatment. At first these opera- 
tions were carried out at 0°, but this was later found to be quite unnecessary 
and indeed to have a somewhat detrimental effect on the subsequent activity 
of the preparations. Fresh tissue was always employed, the brain and kidney 
being taken from the same rabbit as was used for the making of the muscle 
extracts. In the case of the kidney the cortex only was used. 

Muscle extracts were made exactly as described in a former paper [Case 
and McCullagh, 1928]. 

Experimental tubes were set up as follows: 

25 cc. muscle extract, 

10 ce. 2 % glucose, 

10 ce. phosphate buffer (as in former work), 
5 ec. activating fluid (or water for controls). 

The muscle extract was always added last of all; 15 cc. samples were then 
mixed with 45 cc. of trichloroacetic acid, and the remainder incubated for 
2 hours in a water-bath at 27°. At the end of this period further samples were 
taken in the same way. After filtering off the precipitated proteins, 30 cc. of 
each filtrate were treated with 10 cc. of 10 % lime suspension and 5 cc. of 
10% CuSO, to remove interfering carbohydrates. Lactic acid was then 
estimated on 5 or 10 cc. of the copper-lime filtrate according to the method 
of Friedemann, Cotonio and Shaffer [1927]. 

Where phosphates were measured, the Briggs modification of the Bell- 
Doisy method was used. 


Table I. 
mg. lactic acid in 15 cc. sample 
Before incubation After incubation 
OF 
Schenk Trichloroacetic Schenk Trichloroacetic 
- 5-7 5-9 18-0 18-8 
2. 8-1 7-9 27-5 28-3 
3. 11-0 12-2 23-5 23-6 
4, 6-4 6-6 24-0 25:1 


14—2 





212 





error. 




















Ot YR 9 bo 


$2 DIS OU go bo 


10. 
ll. 


12. 


E. M. CASE 











The method of deproteinisation by means of trichloroacetic acid indicated 
above has been checked against the more laborious Schenk procedure and 
has been found to give entirely satisfactory results. This is shown by the 
typical figures given in Table I. In each case the samples were taken from 
incubation mixtures of muscle extract, buffer and starch. 

These are enough to show that the differences which exist between the 
values obtained by the two methods lie for the most part within experimental 


Comparison of brain, kidney, etc. with yeast activator. 


Table II demonstrates the production of lactic acid from glucose in 
presence of brain and of kidney. In tubes 5 and 6 the muscle extract had 
previously been heated at 80° for 5 minutes, so that these tubes are controls 
showing that the quantities of brain and kidney employed did not alone give 
rise to the formation of appreciable amounts of lactic acid. 


Table II. 
mg. lactic acid in 15 cc. sample 
—vr2sj_aeee 
Before After 
incubation incubation Change 
Water control 8-5 9-2 0-7 
Yeast activator 8-9 23-0 14-1 
Brain 9-2 17-0 7:8 
Kidney otk as 8-6 15-2 6-6 
Brain (+ heated muscle) ... 8-0 8-0 0-0 
Kidney (+heated muscle) 8-2 8-3 0-1 


Table III. 


mg. lactic acid in 15 cc. sample 


Water control 

Brain 

Kidney 

Liver 

Spleen 

Testis 

Lung 

Muscle 

Blood tia eas 
Brain (+heated muscle) ... 
Kidney (+ heated muscle) 
Blood (+heated muscle) ... 


Before 
incubation 


9-6 
9-6 
9-1 
9-5 
9-0 
9-7 
9-0 
10-0 
9-9 
10-1 
10-4 
10-2 


Various other tissues were next tried under the same conditions as brain 
and kidney. The results are given in Table III. 


a 
After 
incubation Change 

10-2 0-6 
25-3 15-7 
18-9 9-8 
11-3 1:8 

9-7 0-7 
10-0 0-3 
10-2 1-2 
14-2 4-2 
12-8 2-9 
10-9 0-8 
11-3 0-9 
10-1 -0-1 


Other than brain and kidney, the only tissues which here bring about 
activation are muscle, as would be expected, and blood. This latter is of interest 
in view of Irving’s [1926] investigations on the glycolysis of red blood-cor- 
puscles. The experiment was repeated, using a suspension of blood-corpuscles 
which had been centrifuged and washed with saline. The blood was obtained 
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from a rabbit killed by a blow on the neck, as it was feared that amytal 
might exert a disturbing influence. 





Table IV. 
mg. lactic acid in 15 cc. sample 
Before After 
incubation incubation Change 
1. Water control .. ea so ove 8-4 8-6 0-2 
2. Blood- -corpuscles , 8-7 10-9 2-2 
3. Blood-corpuscles ( +heated muscle)... 8-9 9-2 0-3 


The activation by the blood-corpuscles, though not very marked in extent, 


is nevertheless quite definite. 
Table V gives typical results of experiments which were done to illustrate 


the deleterious effect of grinding and filtering, etc. 





Table V. 
mg. lactic acid in 15 cc. sample 
— ei 
Before After 
incubation incubation Change 

1. Water control aes vie 11-3 11-8 0-5 
2. Brain chopped (+ Ringer) nee ve 11-7 28-8 17-1 
3. ,, chopped (+water) . Ls 11-4 19-6 8-2 
4. ,, Ringer suspension centrifuged oe 11-7 14-1 2-4 
5. ,, Ringer filtered through muslin... 11-9 17-7 5-8 
6. ,, ground lightly with sand ... on 12-0 14-6 2-6 
as well ground with sand 11-8 12-0 0-2 
8. Kidney chopped as usual . 12-4 21-9 9-5 
9. " » end centrifuged _ 11-8 12-5 0-7 
10. = ground with sand ae 12-0 11-7 -0:3 


It is evident from this that the activation which is brought about by 
brain and kidney is not dependent upon a soluble or extractable substance, 
as is the case with yeast; for any process which destroys or removes intact 
cells has a corresponding effect in diminishing the activating power of the 
tissue. 

Attempts which have been made to prepare alcoholic precipitations and 
to bring about separation by means of various other precipitants have all 
proved fruitless. 


The effect of cyanide on the activation. 


The glycolysis of brain tissue is known not to be affected by the presence 
of cyanide; in fact this substance is usually added to the buffer solutions used 
in investigations concerning brain carbohydrate metabolism, in order to 
prevent oxidation of lactic acid which otherwise takes place to a large extent. 
Nor does cyanide exert any influence on the production of lactic acid from 
carbohydrate by muscle extract. 

On the other hand, it has been shown by Irving [1927] that the utilisation 
of glucose by kidney tissue can be completely inhibited by potassium cyanide 
in small concentration. It seemed of interest therefore to ascertain whether 
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cyanide would inhibit the activation of glucose + muscle by kidney tissue 
and not by brain. 

First of all the following experiment was performed in order to confirm 
the fact that while the glycolysis of brain itself is not inhibited by cyanide, 
that of kidney is. 

Tubes were set up thus: 


5 g. chopped brain +10 cc. 2 % glucose + 20 cc. phosphate buffer 





S 
2. 5g. chopped brain a +s ‘d + M/500 KCN 
3. 5 g. chopped kidney ‘. vis 7 
4. 5g. chopped kidney ee * ‘ei + M/500 KCN 
Table VI. 
mg. lactic acid in 15 cc. sample 
cc A 
Before incubation After incubation Change 
1 2-8 1-9 -0-9 
2 2-9 5-6 +27 
3 2-0 5-5 +35 
4 2-3 2-6 +03 


Table VII presents the results of a typical experiment performed with 
the object of investigating the influence of cyanide on the activations of 
yeast, brain and kidney. 

The incubation tubes were as follows: 





1. 25 cc. muscle + 10 cc. glucose + 10 cc. buffer +5 cc. H,O 
2. eS = * 5 ec. yeast activator 
3. 99 29 ” ” ” +M/500 KCN 
4, a i mn 5 ec. brain 
5. ” ” 2” ” + M/500 KCN 
6. (heated) ” 9 ” 
ai (heated) x * a +M/500 KCN 
8. 25 cc. muscle = a 5 cc. kidney 
9. 56 os * ms +M/500 KCN 
10. (heated) 2 eS se 
1l. (heated) - as ~ +M/500 KCN 
Table VII. 
mg. lactic acid in 15 cc. sample 
r an =n 
Before incubation After incubation Change 
a. 5-5 6-4 0-9 
2. 5-5 18-2 12-7" 
3. 5-6 19-0 13-4 
4. 5-4 13-3 7-9 
5. 5-5 14-0 8-5 
6. 5-0 6-2 1-2 
& 5-1 6-5 1-4 
8. 5-7 15-7 10-0 
9. 5-6 15-4 9-8 
10. 5-2 5-4 0-2 
11. 5:3 5-4 0-1 


From the figures in the foregoing two tables the following facts of im- 
portance emerge. 

(a) Brain glycolysis is not inhibited by M/500 KCN. 

(6) Kidney glycolysis on the other hand is prevented by this concen- 
tration of cyanide. 
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(c) The activation of the system muscle + glucose by either yeast, brain 
or kidney is unaffected by cyanide. 

The conclusion must be drawn from this that the stage at which cyanide 
inhibits glycolysis by kidney tissue alone is one subsequent to the preliminary 
process of activation. This is what might be expected, in that there is no 
reason to suppose that the mechanism of activation involves any oxidative 
process. 


The influence of fluoride. 


It is well known that when fluoride is present in an incubated mixture of 
starch or glycogen and muscle extract, the breakdown of hexosephosphates 
but not their formation is prevented; consequently no lactic acid appears, 
and free phosphate rapidly disappears. 

In the course of some experiments with yeast activator it was found that 
the addition of fluoride to the system (muscle + glucose + activator) sup- 
pressed not only the formation of lactic acid, but in addition the synthesis 
of hexosephosphate, so that no change in either carbohydrate, free phosphate 

_ or lactic acid was observable at the end of the incubation. 

The effect of fluoride on the changes occurring in presence of brain and 
kidney was therefore tried, with the results shown in Table VIII. 

The contents of the tubes were as follows: 


1. Muscle +starch + buffer +5 cc. H,O 
»  +M/50 NaF 


6 


Nw 


= ” ” ” 
3. 2 glucose _,, 5 ec. yeast activator 

4. 9 ” ” ” ” - M/50 NaF 
5. ” ” ” 5 ce. brain 

6. ” ” ” ” _ M/50 NaF 

4. ” ” ” 5 cc. kidney 

8. ” ca ” ” +M/50 NaF 


(The usual controls with heated muscle extract were performed, but are 
omitted for the sake of clarity.) 

In addition to lactic acid determinations, free phosphate was estimated 
before and after incubation in 3 cc. of the trichloroacetic acid filtrate. 





Table VIII. 
mg. lactic acid in 15 cc. sample mg. P as free phosphate in 3 cc. sample 
a 
Before After Change Before After Change 
1. 7:8 28-2 20-4 0-82 0-77 — 0-05 
2. 7-8 8-1 0-3 0-83 0-12 -0-71 
3. 7-9 25-9 18-0 0-94 0-62 — 0-32 
4. 7:8 8-2 0- 0-94 0-92 — 0-02 
5. 8-0 17-5 9-5 0-85 0-80 — 0-05 
6. 79 7-6 —0°3 0-86 0-39 — 0-47 
fe 8-1 16-0 7-9 0-84 0-72 —0-12 
8. 8-0 8-2 0-2 0-85 0-25 — 0-60 


This demonstrates that the action of fluoride, when muscle extract is 
utilising glucose in presence of brain or kidney, is similar to its effect in the 
case where muscle extract alone is breaking down starch or glycogen; ?.e. 
the hydrolysis of phosphoric esters is prevented: whereas when yeast acti- 
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vator is employed, fluoride prevents even the synthesis of hexosephosphate 
from glucose. 


The effect of phloridzin ete. upon yeast activation. 


Dann and Quastel [1928] showed that the zymin fermentation of glucose 
was greatly retarded by phloridzin and the corresponding phenol, phloro- 
glucinol; glucosides other than phloridzin did not exhibit this phenomenon. 

It seemed conceivable that phloridzin and phloroglucinol might also exert 
this inhibitory effect upon the activation of glucose by yeast prior to glyco- 
lysis. If this were found to be the case it would be evidence that the first 
change undergone by glucose is the same in the cases of alcoholic fermentation 
and glycolysis. The following experiment however shows the entire absence 
of any effect of these substances. In addition to the usual contents, each 
incubation vessel contained 10-* gram-molecule of the material under test. 





Table IX. 
mg. lactic acid in 15 cc. sample 

Before After r 

incubation incubation Change 
1. Water control 5:3 5-7 0-4 
2. Yeast activator 5-5 26-2 20-7 
3. o + phloridzin 5-2 26-9 21-7 
4, “ + phloroglucinol 5-7 27-4 21-7 
5. 7. +amygdalin 5-1 25-5 20-4 
6. 2 +salicin 5-5 26-0 20-5 


From these results one must conclude either that the first or activating 
stage differs in the two processes or that the inhibition observed by Dann 
and Quastel occurs at some later period in the fermentation. 


The effect of tumour tissue on muscle glycolysis. 


It has been stated by Waterman [1924, 1925] and by Kraut and Bumm 
[1928] that cell-free extracts of tumours are capable of accelerating the glyco- 
lysis of certain normal tissues; these claims have however been criticised on 
various grounds by Brooks and Jowett [1928]. It was thought worth while 
to investigate the influence, if any, of such extracts upon the fermentation 
of glucose by muscle extracts. 

Experiments which were carried out with the Rous chicken sarcoma indi- 
cated that, in common with the other tissues that have been tried, cell-free 
extracts of this tumour are not able to activate the utilisation of glucose by 
muscle extract; whereas suspensions of the comparatively uninjured sarcoma 
tissue do possess this power. 

The following are typical of a number of experiments which were made: 


1. Muscle + glucose + buffer + H,O 

> * S o », 1+chopped tumour suspension 

3. - + s a centrifuged 

4, os bs » +tumour ground with Ringer’s solution in mortar 

5. * ¥ i oe ca = = and centrifuged 
6. * » +tumour ground with sand 

i. 


(heated) ,, » +chopped tumour suspension 





rear cceer  S 








er 


SS ae, a a | 
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The tumours were always obtained from recently-killed fowl. Lactic acid 
estimations before and after incubation are given in Table X. 





Table X. 
mg. lactic acid in 15 cc. sample 
e ae 
Before incubation After incubation Change 
1 6-8 7-9 1-1 
2 7-2 28-0 20-8 
3 7-2 9-7 2-5 
4 7-2 13-5 6-3 
5 7-0 9-2 2-2 
6 7-0 8-3 1-3 
7 6-7 7-4 0-7 


In this connection it is pertinent to note that, in common with other 
tissues, hashing of cancer tissue diminishes its glycolytic activity, while 
freezing, grinding or extraction destroys this property entirely [Barr, Ronzoni 
and Glaser, 1928]. | 


DIscUSSION AND SUMMARY. 


It is shown that in the presence of small amounts of brain and kidney 
tissue, a muscle enzyme preparation which alone is incapable of any appre- 
ciable degree of glycolysis is enabled to ferment glucose with production of 
lactic acid. This activation is compared with that brought about by addition 
to the system of the substance obtained by Meyerhof from yeast. Evidence 
is further adduced to show that, contrary to what occurs in the case of the 
yeast preparation, the activation of glucose by brain and kidney is associated 
with the presence of intact cell-structures. It is not suggested that this 
property is one specific for the tissues mentioned; these were chosen because 
they are among the tissues with the highest glycolytic activity, and it is 
probable that their activating power differs from that of other tissues only 
in degree. 

The apparent correlation that exists between glycolysis and the presence 
of uninjured cells is in harmony with the views generally held concerning 
glucose metabolism. It is by no means certain that from any tissue a cell-free 
extract can be obtained which has the power of fermenting glucose, though 
at different times claims of this nature have been made; Stiven [1928], for 
example, has recently described the preparation of a cell-free extract of muscle 
which is stated to produce lactic acid from glucose. Even so, however, the 
fact remains that in the cases of all tissues that have been examined, partial 
or complete destruction of the. cell-structure is concomitant with corre- 
sponding diminution in glycolytic power, from which the inference may be 
drawn that these structures are essential for at least a major part of the 
glycolytic activity possessed by the tissues. 

A brief study of one particular type of tumour tissue, viz. the Rous 
sarcoma, has indicated that here also the intact tissue is necessary for the 
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activation of glucose, and it has not been found possible to extract any 
substance which possesses this property. 

As to the nature and significance of the activation brought about by these 
tissues or by yeast activator, there is little that can be said. There is at present 
no explanation for the fact that a muscle extract which vigorously breaks 
down glycogen to lactic acid should be practically inactive when the substrate 
is glucose, other than the postulate that the hexose molecules which form the 
structure of the polysaccharide are present in some hypothetical “active” 
condition in virtue of which they are accessible to the muscle enzymes. A dis- 
cussion of this aspect of the question cannot here be entered upon, but the 
subject is clearly relevant to a study of glucose activation. 


I wish to express my indebtedness to Sir F. G. Hopkins and Mr J. B. 8. 
Haldane for their interest and advice, and to the Department of Scientific 
and Industrial Research for a grant. 
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XXX. PHOSPHORIC ESTERS IN ALCOHOLIC 
FERMENTATION. 


I. THE SEQUENCE OF THE FORMATION OF PHOS- 
PHORIC ESTERS AND CARBON DIOXIDE IN 
FERMENTATION BY DRIED YEAST. 


By ERIC BOYLAND (Grocers’ Company Research Scholar). 
From the Biochemical Department, Lister Institute, London. 


(Received March 5th, 1929.) 


A¥rTER Harden and Young [1906] had shown the importance of phosphates 
in fermentation, discovered hexosediphosphate and advanced the equations 
(1) 2C,H,.0, + 2R,HPO, = 2CO, + 2C,H,O + C,H,,0,(P0,R,), + 2H,0, 

(2) CoH 0,(PO,R»). + 2H,0 = CgHj,0, + 2R,HPO,, 

Harden and Robison [1914] isolated hexosemonophosphoric ester from fer- 
menting yeast juice. Realising that this would complicate the original 
equation, Harden and Henley [1927] investigated the relationship between 
the carbon dioxide and the hexose mono- and di-phosphates formed when 
inorganic phosphate is added to fermenting zymin and yeast juice. They found 
the ratio of the two esters to be very variable, but the amount of carbon 
dioxide evolved was always somewhat less than the equivalent of the total 
phosphorus esterified. On the average of the results obtained with zymin 
(acetone yeast), the carbon dioxide was slightly more than equivalent to the 
hexosediphosphoric ester formed. These results can be taken to support the 
view of Meyerhof and Lohman [1927] who suggested that hexosemonophos- 
phate is first formed without liberation of any carbon dioxide, but later reacts 
to liberate carbon dioxide and produce hexosediphosphate. With some yeast 
juices the amount of carbon dioxide is much greater than the amount of 
diphosphoric ester, though it is never more than equivalent to the total 
phosphorus esterified. 

Recently, Robison and Morgan [1928] have isolated a disaccharidemono- 
phosphate, trehalosemonophosphoric ester, from the products of fermentation 
of sugar by dried yeast. Up to the present trehalosemonophosphoric ester 
has only been isolated from dried yeast though there have been indications 
of its occurrence in the products of fermentation by zymin. 

In the present paper the sequence of ester production and carbon dioxide 
evolution and the ratios of the gas to the esters formed by dried yeast are 
examined. 

EXPERIMENTAL METHOD. 


The method used in the first experiments was almost identical with that 
described by Harden and Henley [1927]. The precipitation of the barium 
salt of the diphosphoric ester was modified by adding 10 % alcohol in order 
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to obtain more complete precipitation. Later investigation indicated, how- 
ever, that this addition of alcohol caused a slight precipitation of the mono- 
phosphate, so that it did not give a perfectly clean separation. The free and 
combined phosphate in the solutions were estimated by the colorimetric method 
developed by Martland and Robison [1926]. 

The carbon dioxide was measured by the method of Harden, Thompson 
and Young [1910], and was corrected for the basic rate of fermentation and 
for the gas evolved owing to the production of the relatively acid esters from 
the free phosphate. For this purpose in all cases the gas evolved on addition of 
the trichloroacetic acid was measured. The difference in the amounts of gas 
evolved by this acid at various stages of the fermentation indicates the extent 
of this acid production and the correction is applied to the volume of gas 
liberated by the reaction of the phosphate. 


The influence of the concentration of phosphoric esters on the 
basic rate of fermentation. 


The volume was also corrected for the amount of gas which would have 
been formed by the normal fermentation without addition of phosphate. 
This last is the basic rate of fermentation caused by the steady hydrolysis 
of the hexosediphosphate (see equation 2). It was possible to show that in 
the case of many dried yeasts this basic rate of fermentation varied con- 
siderably with the concentration of phosphoric esters present. It was therefore 
necessary to investigate the relationship between the basic rate of fermen- 
tation and the concentration of phosphoric esters. 

Several lots of 4 g. dried yeast + 25 cc. of 10 % fructose solution + 0-2 cc. 
of toluene were incubated at 30° and the gas evolved was measured. When 
equilibrium was attained (after at least an hour) various amounts of 0-6 M 
dipotassium hydrogen phosphate solution were added to the different pre- 
parations. After all the free phosphate had reacted and equilibrium was again 
attained the basic rate of fermentation was carefully measured and the 
fermentation then stopped in the usual way with trichloroacetic acid, and 
the phosphoric esters were estimated in the trichloroacetic acid filtrate. The 
results of such an experiment are to be found in Table I and in Fig. 1. 


Table I. The relation between phosphoric ester concentration and the 
basic rate of fermentation. K,H PO, added. 
Exp. 44. Dried yeast of 9. iii. 28. 








Basic or : 
Molecular concentrations hydrolysis aie 

—_——_—x4/""—— rate Y 

Pasdi- Pasmono-_ ce. per P as diphosphate Basic rate Basic rate 

Total P_ phosphate phosphate 5 min. Pas monophosphate P as monophosphate P as diphosphate 

0-072 0-061 0-011 2-5 5-5 227 41 
0-098 0-084 0-014 3°0 6-0 215 36 
0-107 0-091 0-016 4-3 5-7 268 47 
0-152 0-136 0-017 4-9 8-0 290 36 
0-188 0-171 0-017 5-0 10-0 294 29 
0-228 0-211 0-017 5-0 12-4 296 24 
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Except that no large amount of carbon dioxide was evolved and that 
equilibrium was quickly attained, the addition of hexosediphosphate instead 
of potassium phosphate gave almost identical results as regards the equi- 
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librium attained and the change in basic rate of fermentation. Such an 
experiment is shown in Table II and in Fig. 2. 


Table Il. The relation between the phosphoric ester concentration and the 
basic rate of fermentation after the addition of hexosediphosphate. 
Exp. 45. Dried yeast of 20. ii. 28. 








Molecular concentrations Hydrolysis Ratios 
rate : re tp 
Pasdi- Pasmono-_ cc. per P as diphosphate Basic rate Basic rate 
Total P phosphate phosphate 5min. Pas monophosphate Pas monophosphate P as diphosphate 
0-071 0-061 0-010 3-9 6-1 390 64 
0-080 0-068 0-012 4:3 5-7 358 63 
0-087 0-074 0-013 4-7 5:7 362 64 
0-102 0-088 0-014 5:3 6-3 382 60 
0-119 0-105 0-014 6-1 7-5 434 58 
0-131 0-116 0-015 5:8 ae 387 50 
0-163 0-149 0-014 6-0 10-6 428 40 


These results are in agreement with the earlier work of Harden and Young 
[1910], who found that the addition of phosphate to a fermenting mixture 
of yeast juice and sugar containing very little phosphate, caused a greatly 
increased amount of fermentation. The increase was much greater than the 
carbon dioxide equivalent of the added phosphate, and it was probably due 
in part to the increased basic rate caused by the added phosphate. It is 
therefore probable that there is a necessary phosphoric ester concentration 
for the maximum basic rate of fermentation of yeast juice as well as of dried 
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yeast. Yeast juice seems to require less of this phosphate than does dried 
yeast. 

In calculating the amount of carbon dioxide evolved by the reaction of 
inorganic phosphate, the basal fermentation is therefore assumed to proceed 
at a rate varying with the amount of esterification that has occurred. Thus 
up to a certain concentration (varying slightly with the preparation) the 
basic rate of fermentation is assumed to be proportional to the concentration 
of esterified phosphate. At the beginning of the reaction the rate is assumed 
to be the same as that observed before the addition of phosphate. After the 
time of complete esterification it is taken as being the same as that of the 
final basic rate. At a point when half the phosphate is esterified it is assumed 
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to be half-way between these two rates, and so on. If the basic rate is assumed 
to be that which occurred before the addition of phosphate, then the calcu- 
lated amount of carbon dioxide liberated by the phosphate will be too high. 
If it is taken as the final basic rate then the correction will be too large and 
the final figure for the carbon dioxide will be too low. The different methods 
of calculating the basic rate may cause differences of as much as 10 % in 
the calculation of the amount of gas evolved. It is deduced from the previous 
experiments that the assumption of the basic rate being proportional to the 
esterified phosphorus gives the most accurate value for the carbon dioxide. 


The equilibrium of the phosphoric esters. 


These results also show that up to a certain concentration of phosphate, 
there is proportionality between the concentrations of hexosediphosphate, 
monophosphate and the hydrolysis rate. Above this critical concentration, the 
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amount of monophosphate and the hydrolysis rate remain constant. The 
significance of the fact that the basic rate and the monophosphoric ester 
concentration have the same critical concentration is not quite clear, although 
it possibly indicates that the slowest reaction in the system is the formation 
of the monophosphoric ester. The rate of the formation of this ester increases 
up to a certain point with increase in the concentration of hexosediphosphate, 
but beyond the critical point the enzyme acting on the diphosphate becomes 
saturated with this substrate. The limiting factor after this point is not the 
amount of ester present, but rather the amount of enzyme. 

The monophosphoric ester isolated from dried yeast fermentations in 
equilibrium, on analysis and determination of the optical rotation and re- 
ducing power, seems to contain 70 % of its phosphorus bound as trehalose- 
monophosphate. 

Hexosediphosphate added to dried yeast fermenting fructose is in part con- 
verted into trehalosemonophosphate, thus maintaining the equilibrium ratio 
between the two esters. If this equilibrium is true, it should also be obtained 
when trehalosemonophosphate is added to the fermenting mixture. In order 
to test this, a solution of the potassium salt of trehalosemonophosphate was 
added to fermentations which were stopped in the usual way during the 
reaction. The changes in the esters are shown in Table III. The change 
appeared to be accompanied by a slight increase in carbon dioxide evolution. 


Table III. Phosphoric ester equilibrium after the addition of trehalose- 
monophosphate to dried yeast and fructose. 


Exp. 81. Dried yeast of 9. iii. 28. 


Molecular concentrations 
expressed as P 5 
Time after P as diphosphate 


addition Diphosphate Monophosphate P as monophosphate 
No addition 0-078 0-013 6-0 
0 0-078 0-020 3-9 
5 0-080 0-018 4-5 
10 0-082 0-016 5-1 
15 0-083 0-015 5-6 
30 0-084 0-014 6-0 


Thus trehalosemonophosphate appears to be rapidly hydrolysed by fer- 
menting dried yeast with excess sugar and the usual equilibrium ratio between 
the two esters is soon reached. 

The equilibrium is reached in about the same time if hexosediphosphate 
is added to the fermenting mixture, in place of trehalosemonophosphate, as 
is shown in Table IV. In this experiment a solution of the potassium salt of 
hexosediphosphate was added to the fermenting preparations which were 
stopped at various intervals after the additions. The carbon dioxide evolution 
was measured, but the large change in the basic rate and the period required 
for the completion of the reaction made it impossible to calculate the extra 
carbon dioxide evolved, if indeed any was evolved. 
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Table IV. The rate of change in phosphoric esters after the addition of 
hexosediphosphate to dried yeast and fructose. 


Exp. 83. Dried yeast of 9. iii. 28. 


Molecular concentration 


expressed as P : 
P as diphosphate 





Time after —_— a4! __ + 88 GIphosphare — 
addition Diphosphate Monophosphate P as monophosphate 
No addition 0-101 0-016 6-3 
0 0-140 0-016 8-8 
10 0-136 0-018 75 
20 0-131 0-020 6-6 
30 0-130 0-020 6-5 
40 0-133 0-020 6-6 


Mol. ratio diphosphate/monophosphate 





10 20 30 40 





Time (min.) after addition of excess ester 


Fig. 3. In curve 1 hexosediphosphate was added; in curve 2 trehalosemonophosphate 
was added to dried yeast fermenting fructose. 


These last two experiments are shown graphically in Fig. 3, where it can 
be seen that the equilibrium of the two esters is a true equilibrium, which is 
attained from either side at almost the same rate. The occurrence of this 
equilibrium ratio of the esters probably indicates that one of these esters is 


derived from the other. 


THE LAG BETWEEN ESTERIFICATION AND CARBON DIOXIDE EVOLUTION. 


In order to study the relations of the formation of the various products 
of the reaction of phosphate with dried yeast, the same amount of phosphate 
was added to several preparations which were stopped at various times during 
the reaction. The carbon dioxide evolved was measured and the free phos- 
phate and phosphoric esters in solution were estimated. The carbon dioxide 
was corrected for the amount evolved by the formation of the relatively acid 
phosphoric esters and for the basic hydrolysis rate. 

The fully corrected results of typical experiments of this kind are shown 
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in Tables V, VI and VII and in Fig. 4. In the tables the ratios of the P in 
the form of the two esters and of the amount of carbon dioxide formed to 
the amount of P as diphosphoric ester, and to the amount of P esterified 
plus the amount of P as monophosphate (P as diphosphate plus twice the P 
as monophosphate) are given. 


Table V. The time relations of the products of the reaction of 
phosphate with dried yeast. 
Exp. 42. 2-5cc. 0-6 M K,HPO, added to 4g. dried yeast +25 cc. 10 % fructose solution. 
Basic rate before addition 2-5 cc.; after, 3-0 cc. per 5 min. The mono- and di-phosphate are ex- 


pressed in terms of P, 
Mol. cone. of 

















Mol. cone. substances formed Ratios _ CO, 
' A . 5 ~ eee ee ree P esterified 
Time Mono- Di- Di- _ Diphosphate CO, +P as mono- 

min. phosphate phosphate phosphate Co, Monophosphate P esterified phosphate 
0 0-026 0-078 — — 3-0 — — 
10 0-028 0-101 0-023 0-024 3-6 0-96 0-89 
20 0-032 0-105 0-027 0-046 3°3 1-40 1-18 
30 0-033 0-107 0-029 0-046 3-2 1-28 1-07 
40 0-031 0-109 0-031 0-046 3°5 1-28 1-12 
50 0-033 0-107 0-029 0-046 3-2 1-28 1-07 

Table VI. 


Exp. 32 (cf. Fig. 3). 5cc. 0-6 M K,HPO, added to 4g. dried yeast +25 cc. 10 % fructose 
solution. Basic rate before addition 4-4 cc.; after, 6-5 cc. per 5 min. The mono- and di-phosphate 


are expressed in terms of P. 
Mol. cone. of 











Mol. cone. substances formed Ratios pent lar 
; Sy — cies. FT ae 1 P esterified 
Time Mono- Di- Di- Diphosphate pen 2 «+ Pas mono- 

min. phosphate phosphate phosphate Co, Monophosphate P esterified phosphate 
0 0-011 0-073 — — 6-6 — _- 
15 0-009 0-147 0-076 0-061 15-2 0-85 0-88 
30 0-010 0-170 0-097 0-098 7-0 1-01 1-02 
45 0-023 0-156 0-083 0-113 6-8 1-18 1-05 
60 0-025 0-154 0-081 0-113 6-2 1-18 1-03 
75 0-021 0-158 0-085 0-113 7:5 1-18 1-07 
90 0-025 0-154 0-081 0-113 6-2 1-18 1-03 


Table VII. 
Exp. 62. 10cc. 0-6 M K,HPO, added to 4g. dried yeast +25 cc. 10 % fructose solution. 
Basic rate before addition 4-4 cc.; after, 6-6. cc. per 5 min. The mono- and di-phosphate are 


expressed in terms of P. 
Mol. cone. of 

















Mol. cone. substances formed Ratios CO, 
A ; eee eats a eee P esterified 
Time Mono- Di- Di- _ Diphosphate_ CO, +P as mono- 
min. phosphate phosphate phosphate CO, Monophosphate P esterified phosphate 
0 0-016 0-064 _ — 4-0 —- — 
3 0-016 0-078 0-014 0-009 4-9 0-65 0-65 
10 0-019 0-097 0-033 0-018 5-1 0-50 0-46 
15 0-023 0-111 0-047 0-036 5-1 0-68 0-61 
40 0-034 0-196 0-132 0-149 5:7 1-00 0-89 
50 0-034 0-204 0-140 0-167 6-0 1-06 0-96 
75 0-034 0-204 0-138 0-168 6-0 1-05 0-97 


This type of experiment was carried out many times, with different 
samples of dried yeast and with different amounts of added phosphate, and 
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Biochem. 1929 xxi 








226 E. BOYLAND 


similar results were always obtained. Examination of these observations 
shows that the hexosediphosphoric ester appears as the first product of the 
reaction and that there is a considerable lag between esterification and the 
evolution of carbon dioxide. This is not due to physical causes such as super- 
saturation, because such would be accounted for in the correction applied 
for the production of acid esters from inorganic phosphate. In the presence 
of free phosphate, therefore, the esterification proceeds at a higher rate than 
the reaction, whatever it may be, which results in the formation of alcohol 
and carbon dioxide. At the end of the reaction the carbon dioxide production 
overtakes the ester formation and finally somewhat more gas is evolved than 
is equivalent to the reacting phosphate. 


0-10 
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Fig. 4. 


A similar delay in carbon dioxide evolution after the addition of phos- 
phate has been indicated by Euler and Johansson [1913]. They considered 
that the activation of the sugar, the formation of hexosediphosphate and 
then of a triosemonophosphate were stages in the reaction of phosphate 
which all occurred before the evolution of carbon dioxide in the reaction of 
phosphate with dried yeast in the presence of dextrose. 


The ratio of carbon dioxide to phosphoric esters. 


In all cases in which the gas evolved from the complete reaction of phos- 
phate was measured, it was found to be somewhat more than equivalent to 
the phosphate. On the other hand maceration extract, yeast juice and zymin, 
so far as at present known, tend to give less than the equivalent amount of 
carbon dioxide from added phosphate [Harden and Henley, 1927; Kluyver 
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and Struik, 1928]. Coupled with this is the fact that dried yeast alone gives 
a monophosphate fraction consisting mainly of trehalosemonophosphate. In 
all the experiments, the ratios of carbon dioxide to the total P esterified, and 
to the total P esterified plus the P as monophosphate were calculated. The 
results of over 50 such determinations, the averages of which are shown in 
Table VIII, point to equivalence between the carbon dioxide and the total P 
esterified plus the P as monophosphate, i.e. to the amount of P as diphosphate 
plus twice the amount of P as monophosphate. Thus the phosphorus finally 
bound as monophosphate appears to react twice. This may possibly be 
explained by a change of the diphosphoric ester into the monophosphoric 
ester and free phosphate at a relatively high rate, the latter then reacting 
again to liberate carbon dioxide and form hexosediphosphate. 

The ratio of carbon dioxide to esterified phosphorus appears to vary with 
the amount of reacting phosphate, being lower with large amounts of phosphate ; 
this may be due to two causes. Firstly, the addition of large amounts of 
phosphate causes an inhibition in the carbon dioxide production, probably due 
to a lowering of the basic rate of fermentation so that the observed corrected 
amount of carbon dioxide will be too low. Smaller amounts of phosphate 
produce no such inhibition and there is consequently no error of this kind. 
Secondly, with small amounts of phosphate there is a relatively larger amount 
of monophosphate formed, so that, if the ratio of carbon dioxide to phosphorus 
esterified plus the amount of P as monophosphate remains at unity, then the 
ratio of carbon dioxide to the phosphorus esterified will necessarily be high. 


Table VIII. The ratio of carbon dioxide evolved to phosphoric esters produced 
on adding potassium, phosphate to dried yeast fermenting fructose. 


Average ratios 
} — 














ce. 0-6 M K,HPO, Carbon dioxide 
added to 4 g. No. of Carbon dioxide P esterified + 
Yeast dried yeast experiments P esterified P as monophosphate 
20. ii. 28 2-5 7 1-16 0-98 
5:0 14 1-14 1-02 
7-5 2 1-07 1-00 
10-0 ] 1-06 1-00 
9. iii. 28 2-5 8 1-22 1-01 
5-0 8 1-04 1-00 
7-5 2 1-05 1-02 
10-0 7 1-05 0-99 
11. vi. 28 5-0 3 1-16 1-01 
Scotch bottom yeast 5-0 2 1-08 1-00 
ae Total 54 Average 1-12 1-00 


The maximum error in the determination of the ratio of carbon dioxide 
to esterified phosphate is probably about 5% in each single experiment. 
The amount of phosphate can be measured easily to 1% but the carbon 
dioxide cannot be determined to nearer than 2 or 3%. The determination 
of the monophosphate may have a 10% error, but, as it forms only one-seventh 
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of the total phosphate, the error will only influence the final ratio by 2%. 
The average of 50 determinations of the ratio of carbon dioxide to the P 
esterified plus the amount of P as monophosphate is 1-00, and this is probably 
accurate to within 2%. 


DISCUSSION. 


The ratio of the various enzymes in dried yeast is such that under equi- 
librium conditions (i.e. when a steady rate of carbon dioxide evolution is 
attained) the esterified phosphate consists mainly of hexosediphosphate to- 
gether with a little monophosphoric ester, which is largely the ester of the 
disaccharide trehalose. The equilibrium attained after the addition of phos- 
phate (below a certain critical concentration) gives the same ratio of the 
phosphoric esters. There appears to be true equilibrium between the esters, 
depending upon the amounts of the various enzymes present in the pre- 
paration. If relatively large amounts of phosphate are added (7.e. above the 
critical concentration) the ratio of hexosediphosphate to monophosphate is 
increased. This can be explained by the saturation of the enzyme acting on 
the diphosphate, so that increases in its concentration beyond a limiting 
value do not affect the rate of its decomposition. 

In presence of dried yeast the monophosphoric esters are produced late in 
the reaction with phosphate—after much hexosediphosphoric ester has been 
formed—and the phosphorus bound in this form appears to liberate two 
equivalents of carbon dioxide. 

The significance of trehalosemonophosphoric ester in the process of fer- 
mentation is not yet clear but it is hoped that it will be further elucidated 
in a later communication. 


SUMMARY. 


Experiments on the action of phosphates and observations on the esters 
occurring in fermenting dried yeast preparations have given the following 


results. 

(1) Up to a limiting concentration of phosphoric esters, the basic rate of 
fermentation varies with the concentration of phosphorus present as phos- 
phoric esters. Up to this same concentration the ratio of diphosphoric ester 
to monophosphoric ester remains constant, but above the limiting concen- 
tration the relative amount of diphosphoric ester increases. 

(2) The addition of inorganic phosphate to dried yeast fermenting fructose 
is followed by esterification and liberation of carbon dioxide, but there is a 
considerable time lag between esterification and the evolution of carbon dioxide. 

(3) The carbon dioxide liberated by phosphate is somewhat more than 
equivalent to the added phosphate, but is approximately equivalent to the 
phosphorus esterified plus the amount of P as monophosphate formed (i.e. 
the P as diphosphate plus twice the P as monophosphate). 
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(4) In fermentations by dried yeast in presence of phosphate the mono- 
phosphoric esters are formed late in the reaction. Under the conditions 
described in this paper these esters consist mainly of trehalosemonophosphate. 


Throughout this work my indebtedness to Prof. A. Harden and to 
Dr R. Robison will be obvious, and I wish to thank them for the constant 
help they have given me during the progress of the research. 
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EvipENCcE has been accumulating for some time that with certain yeast 
preparations a very large proportion of the phosphorus esterified during the 
fermentation of a mixture of sugar and phosphate is found at the close of 
the fermentation in the form of a monophosphoric ester. In his early experi- 
ments with yeast juice Robison [1922] obtained as much as 15-30 % of the 
total esterified P in the form of monophosphate, equivalent to a molecular 
ratio of diphosphate/monophosphate of 2-8 to 1-6, but in later experiments, 
Robison and Morgan [1928], as much as 47-50 % (molecular ratio 0-5) has 
been observed. These results were obtained by repeated additions of phos- 
phate to the fermenting mixture. In our previous paper two low ratios 
(0-61 and 0-72) were noted in this laboratory. The general experience drawn 
from a large number of experiments is that with dried top yeast from a 
brewery high ratios are almost invariably obtained, whereas with yeast 
juice the results are much more variable and low ratios are frequent. 

The matter is further complicated by the fact that the monophosphate 
formed by dried yeast (brewer’s top yeast) consists very largely of trehalose- 
monophosphate [Robison and Morgan, 1928] whereas this substance has not 
yet been detected among the products from yeast juice. Kluyver and Struik 
[1928], working at Delft with maceration extract prepared from dried yeast, 
have also obtained considerable proportions of monophosphate and consider 
that the ratio in which di- and mono-phosphate are finally present depends on 
the dilution of the extract, more monophosphate (up to 80 % of the total 
esterified) being obtained with the more dilute juice. 

As pointed out in the previous paper the production of monophosphate 
necessitates some modification of the equation originally proposed by Harden 
and Young in which only the formation of diphosphate is taken into account. 
In that paper it was shown that, notwithstanding the considerable variation 
in the proportions of di- and mono-phosphate produced, the ratio of CO,/P 
esterified was approximately constant at about 0-9. It was suggested that 
this indicated that about 10 % of the phosphate was esterified without pro- 
duction of carbon dioxide. As regards the ratio of CO,/hexosediphosphate it 
was pointed out that small deviations from the theoretical value of 2 might 
be accounted for on the ground of partial hydrolysis of the diphosphate with 
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formation of monophosphate. No experimental evidence in favour of this 
supposition is available and, as was then remarked, this explanation is in- 
applicable when a large proportion of monophosphate is formed. 

In order to obtain more information on all these points a further series 
of experiments has been made in which (a) dried yeast of various origins, 
(6) maceration extracts made from two of the samples of dried yeast used 
in (a), and (c) yeast juice were employed. 


EXPERIMENTAL. 


The methods adopted were described in the previous paper [1927]. The 
estimation of the proportions of mono- and di-phosphoric esters produced 
has received further consideration. It has been found by Robison that the 
precipitate of barium salts produced by adding baryta and barium acetate 
to the trichloroacetic acid filtrate from the fermented liquid may not contain 
the whole of the barium hexosediphosphate present. A certain amount may 
remain in solution along with the monophosphate. This is precipitated by 
the addition of one-ninth of a volume of alcohol, so that greater accuracy is 
obtained by estimating the organic phosphorus in the alcoholic filtrate and 
calculating this as monophosphate. Even with this modification the estima- 
tion is not susceptible of great accuracy, as a small amount of the mono- 
phosphate is sometimes precipitated under these conditions. 

A second possible source of error lies in the fact that in the presence of 
free phosphate, hexosediphosphate is almost completely removed from solution 
by the treatment with baryta and barium acetate, so that no further preci- 
pitate is produced by the addition of alcohol. Since the baryta treatment at 
the commencement of the experiment is carried out in presence of free 
phosphate, it is essential to precipitate with 10 % alcohol at the end of the 
experiment, at which period no free phosphate is present, in order to get 
comparable results. In the work recorded in the previous paper the alcohol 
method was not employed, so that the amounts of monophosphate there 
recorded are probably all somewhat too high and those of diphosphate some- 
what too low. 

The samples taken before and after esterification are treated in the same 
way and the numbers quoted below represent the differences between the 
amounts present at the beginning and end of the esterification period. 

Correction for normal rate of fermentation. It was pointed out in the previous 
paper that the steady rate of fermentation at the end of the experiment is 
usually higher than at the commencement, owing to the increased concen- 
tration of esterified phosphate. Boyland [1929] has found that with dried 
yeast the steady rate increases with the total esterified phosphorus up to a 
certain point and then remains constant. It follows from this that the cor- 
rection to be applied should vary during the process of esterification. In the 
experiments described by Boyland, in which periodic estimations of esterified 
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phosphate were made, it has been possible to apply a suitable correction at 
each point. The result of this is that his total correction is less than that 
calculated from the final rate only and his residual volume of gas correspond- 
ingly greater. The difference may amount to as much as 10 %, but varies very 
greatly with the conditions of the experiment, and is much less for yeast 
juice and zymin than for dried yeast. In the table of results, as in the previous 
one, the final rate only has been used, as we have no intermediate observations 
on which to base any modification. Our final volumes of CO, and ratios of 
CO,/P esterified would therefore be expected to be somewhat lower than 
those obtained by Boyland. 
RESULTS. 

Experiments have been carried out with dried yeast, two’ samples of 
which had been prepared at different times from mild ale yeast and one from 
a baker’s yeast of Dutch origin: two experiments were made with maceration 
extract prepared from one of the mild ale dried yeasts and one with macera- 
tion extract from the Dutch baker’s yeast; finally three experiments were 
made with yeast juice from mild ale yeasts. The results are given in Table I. 


Discussion. 


Ratio of CO, to total P esterified. 


(a) Dried yeast. The average value for this ratio is 1-013 when the final 
rate of fermentation is taken as the basis for the correction for the hydrolysis 
rate. The application of the more accurate correction, in which allowance is 
made for the increase in the hydrolysis rate due to increase in the concen- 
tration of hexosephosphate during the fermentation, would bring this to 
about 1-06. It is noteworthy that, whereas in Exps. 84 a and 85 a, in which 
glucose was employed, the evolution of CO, was comparatively slow and 
protracted, the repetition of the experiments with the addition of acetaldehyde 
(Exps. 846 and 85 6) gave a much more rapid evolution of gas and also a 
higher ratio of CO, to esterified phosphate. This is almost certainly due to 
the smaller and more accurate correction for hydrolysis required. 

On the whole then we may conclude that in the case of the dried yeasts 
so far studied the ratios of CO, to esterified phosphorus are slightly higher 
than unity and markedly higher than those hitherto observed with yeast 
juice or zymin. The origin of this small amount of extra CO, is at present 
unexplained [see Boyland, 1929]. 

(6) Maceration extracts. These were prepared by Lebedev’s method [1912] 
from two samples of the dried yeast used in the foregoing experiments. The 
extracts in Exps. 92 and 97 were prepared from the dried yeast (English mild 
ale yeast) used in Exps. 93 and 94, but that used in No. 97 was prepared 
about 2 months after that used in No. 92. These two extracts yield ratios 
almost identical with those given by the dried yeast from which they were 
prepared, viz. 0-97 and 0-98, which would be raised to about 1-01 and 1-02 
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by applying the revised correction for hydrolysis. The extract employed in 
Exp. 99 which was made from the Dutch baker’s yeast used in Exp. 98, on 
the other hand, has yielded a much lower ratio (0-86, 0-9 corrected) than the 
corresponding dried yeast (1-09, 1-11 corrected). Further experiments are 
necessary before any definite conclusion can be drawn as to the behaviour 
of maceration extract. 

Kluyver and Struik [1928] have devoted much attention to this aspect 
of the subject and regard the ratio as indeterminate. Their experimental 
ratios, obtained with maceration extract, had the values 0-60, 0-71, 0-72, 
0-89, 0-67, 0-71 and 0-82, most of which are below the limits we have observed. 
These figures are, however, not strictly comparable with ours, as the correction 
for the evolution of CO, due to change of acidity in passing from phosphate 
to hexosephosphate was calculated and not ascertained experimentally. They 
are obtained from experiments with maceration extracts using in some cases 
comparatively small amounts of phosphate and rather slow evolution of gas, 
so that the correction for hydrolysis rate is relatively larger and correspond- 
ingly less accurate than in our experiments. 

It must also be remembered that the yeast employed by Kluyver and 
Struik was different from those we used and the difference between our 
results may be due to this. Further work is certainly necessary to decide this 
point. 

(c) Yeast juice. The three experiments with yeast juice (from English 
mild ale yeast) (Nos. 100, 101 and 102) all gave low ratios, viz. 0-90 (0-91 
corrected), 0-90 (0-92 corrected) and 0-93 (0-93 corrected), in substantial 
accordance with the three results quoted in our previous paper (0-87, 0-95 
and 0-83). 


Ratio of hexosediphosphate to hexosemonophosphate. 


With dried yeast the amount of combined phosphorus in the form of 
hexosediphosphate is invariably considerably greater than that in the form 
of hexosemonophosphate, varying in our present experiments from 92-6 to 
88-3 % of the total phosphorus esterified with the English mild ale yeasts, 
while the Dutch baker’s yeast gave the lower result of 78-1 %. On the other 
hand the maceration extract prepared from two different dried yeasts gave 
very different results. Of the two extracts prepared from English mild ale 
yeast one, No. 92, gave 59-7 % of the total esterified phosphorus as diphosphate, 
and the second, No. 97, only 13-9°%. The sample prepared from a Dutch 
baker’s yeast on the other hand (No. 99) yielded 96-9 % as diphosphate, 
scarcely any monophosphate being formed. 

The three samples of yeast juice also gave variable results, two of them 
(Nos. 101 and 102) yielding 73 and 75-9 % of the total phosphorus esterified 
as diphosphate, whilst the third (No. 100) yielded 92-2 %. 

It must further be remembered that there is an important qualitative 
difference between the monophosphate which is formed by dried yeast, which 
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is largely trehalosemonophosphate, and that formed by yeast juice and zymin, 
which appears to be the hexosemonophosphate studied by Robison [1922]. 
The nature of the monophosphate formed by maceration extract has not yet 
been carefully examined from this point of view. 

Kluyver and Struik have also made a series of determinations of the 
relative amounts of mono- and di-phosphate produced by maceration extracts 
under various conditions of dilution and phosphate concentration. They 
[1928] believe that the proportion of monophosphate to diphosphate 
is a function of the dilution of the juice, the more dilute juice producing 
the greater proportion of monophosphate. Preliminary experiments made in 
this laboratory are not in agreement with this conclusion, which will be dealt 
with in a later communication. 


The equation of alcoholic fermentation. 


The fact which is now well established that in some instances a very large 
proportion of the esterified phosphorus is found in the form of hexosemono- 
phosphate, whilst at the same time the molecular ratio of CO, to total esterified 
phosphorus is approximately unity, renders it impossible in these cases to 
express the result by means of Harden and Young’s equation. The ratio 
CO,/diphosphate in such cases is frequently very high and it is difficult to 
account for such large deviations from the theoretical ratio by any secondary 
changes such as were suggested in our previous paper. 

As far as our experiments go the most definite result is that the molecular 
ratio of carbon dioxide to the total phosphorus esterified falls within the 
limits of U-9 to 1-1, the tendency being for a low ratio with yeast juice, 
maceration extract and zymin, and for a high ratio with dried yeast. In 
other words the evolution of one molecular volume of CO, appears always to 
be accompanied by the introduction of a phosphoric group into a sugar 
molecule, either a mono- or a di-phosphoric ester being formed. The possi- 
bility of the occurrence of a certain amount of esterification unaccompanied 
by evolution of CO, is also not excluded, but according to our results this 
must be comparatively unimportant. We are yet far from understanding the 
actual course of events resulting in the rupture of a sugar molecule, nor can 
one yet say what determines the proportion of mono- and di-phosphate pro- 
duced. These questions require and are receiving further investigation. 

An important point which emerges from these results is that it is necessary 
before venturing on any generalisation to examine preparations of the most 
varied origins under as many modifications of conditions as possible. 
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SUMMARY. 


1. In fermentations of glucose or fructose in presence of phosphate carried 
out with dried yeast, the ratio of extra carbon dioxide evolved to phosphorus 
esterified tends to be slightly higher than unity. 

2. With maceration extract and yeast juice this ratio tends to be some- 
what lower than unity, as previously found with zymin. 

3. The ratio of hexosediphosphate to hexosemonophosphate formed during 
the fermentation is usually high for dried yeast, but is very variable for 
maceration extract and yeast juice, the product in extreme cases consisting 
almost entirely of either the diphosphate or monophosphate. 

4. The most constant ratio which we have observed is that of extra CO, 
to total P esterified, which only varies about + 10 %, although the proportions 
of diphosphate and monophosphate may vary from 96 % of diphosphate to 
86 % of monophosphate. 

5. The equation of Harden and Young cannot be applied to those cases 
in which a large proportion of hexosemonophosphate is produced, whilst the 
ratio CO,/total P esterified remains at about 0-9. 
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THE phosphatase obtained from the bones of growing animals has proved 
very useful in the study of the chemical composition of phosphoric esters of 
biochemical interest. By its aid the phosphoric acid groups may be quanti- 
tatively removed under conditions of py and temperature which do not 
involve the rupture of other linkages in the molecule such as would occur 
during acid hydrolysis. 

For such purposes, as well as for the study of the mode of action of the 
enzyme, it is desirable to have stable preparations of the phosphatase, of 
high activity and as free as possible from blood pigments and such other 
impurities as would be difficult to remove from the hydrolysis products. 
The following is a brief account of experiments carried out with this object 
in view, and of the methods at present employed. 


Extraction of phosphatase. 


The bones of young growing rabbits are removed immediately after death, 
freed from muscle and connective tissue, and split longitudinally. The marrow 
is removed and the bones with their epiphyses are cut into smaller pieces 
and placed in a flask with five times their weight of water, to which a few 
drops of chloroform have been added. The closed flask is kept at room tem- 
perature for 7-10 days, shaken each day, and fresh chloroform added if 
necessary. The extract is then filtered through coarse filter paper. A second 
extract, much less active, may be obtained by soaking the bones in a fresh 
quantity of water. The progress of the extraction at 0°, room temperature, 
and 38° is shown in Table I. A represents the amount of hydrolysis reckoned 
as mg. P effected in 1 cc. 0-2 M sodium glycerophosphate by 1 cc. of the 
filtered extract in 1 hour at 38° at py 8-6. AYW is the above value divided 
by the weight in mg. of solid matter in 1 cc. of the extract. 








Table I. 
Temperature of extraction 
0° Room temperature 38° 

Duration of r \ + A ax — A—____—. 
extraction A A/W A A/W A A/W 

18 hours 0-16 0-033 0-35 0-075 0-43 0-074 

7 days 0-37 0-056 0-57 0-073 0-34 0-044 

-_ 0-45 0-060 0-61 0-077 sass a 

Me 0-41 0-051 0-62 0-063 — ss 


Second extraction: 
5 days 0-14 0-086 0:17 0-076 0-03 0-012 





238 M. MARTLAND AND R. ROBISON 


The results show that, while extraction proceeds most rapidly at 38°, some 
inactivation of enzyme occurs. Other comparative tests have shown that the 
final yield of enzyme is not greatly increased by preliminary maceration of 
the bones or by a series of short successive extractions. More highly active 
extracts are, however, obtained if the rabbits are fed for a month before 
death on a rickets-producing diet (McCollum’s 3143) (see Table III). 

Evaporation of the filtered extracts in evacuated desiccators over sulphuric 
acid yields 5-8 mg. of dry solid per cc., no loss of activity occurring during 
this process. After 7 months’ storage in a dry atmosphere such residues were 
found to retain 60 °%, of the original activity of the extract. 


Purification. 


A very useful degree of purification may be obtained by precipitating the 
filtered extract with a mixture of alcohol and ether (200 cc. alcohol and 300 ce. 
ether for each 100 cc. extract). After shaking for a few minutes a flocculent 
precipitate forms, and is filtered through a Biichner funnel, washed with 
absolute alcohol and dried in an evacuated desiccator. If the operation is 
conducted expeditiously, an almost colourless powder is obtained, weighing 
3-4 mg. per cc. extract. This preparation possesses the full original activity, 
which it retains for many weeks when stored in a desiccator. It disperses 
fairly well in water, and its freedom from alcohol-soluble matter renders it 
a suitable form of the bone phosphatase for general use. 

A further degree of purification can be effected, at the expense of some 
loss of total activity, by extracting the above preparation with 50 °%, alcohol. 
The greater part of the enzyme passes into solution, and may be reprecipi- 
tated by a further addition of alcohol and ether. The product is now freely 
soluble in water and shows a greatly increased activity in relation to its 


weight (A/W). 


Other methods of purification. 


Removal of a protein by precipitation at its isoelectric point. On bringing 
the py of the aqueous extract to 5-8 a protein is precipitated, while most of 
the enzyme remains in solution. The latter should be brought back to the 
neutral point as quickly as possible after filtration. This method of purification 
cannot, however, be recommended owing to the risk of inactivation of the 
enzyme, should the necessary hydrogen ion concentration be momentarily 
exceeded. 

Dialysis and ultrafiltration. Dialysis experiments were carried out with 
the object of removing the traces of inorganic phosphate which are always 
present in the aqueous extract, and also to investigate the possible presence 
of a co-enzyme. It was found that a collodion membrane, immersed for 
24 hours in 95 % alcohol, was impermeable to the enzyme, which could in 
this way be separated from phosphates and other salts. The method of ultra- 
filtration in a Bechhold filter through discs of collodion of similar porosity 
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proved a more satisfactory procedure, the filtrate being entirely inactive and 
containing the whole of the phosphate. The residue on the filter may be taken 
up in water and precipitated with alcohol and ether as described above. The 
complete freedom from inorganic phosphate, while usually of no great im- 
portance, was of value in certain experiments in which it was desired to 
eliminate the inhibitory effect of phosphate on the activity of the enzyme. 

No evidence of the presence of a co-enzyme was obtained by dialysis or 
ultrafiltration. A measured volume of the aqueous extract was filtered 
through a collodion membrane in a Bechhold filter, the residue was washed 
with an equal volume of water and finally dispersed in the same volume, so 
that 1 cc. of the residue and 2 cc. of the dialysate corresponded with 1 cc. 
of the original extract (Table II). ; 


Table IT. 
Inorganic P 
(mg. in 1 ce.) Activity 
1 cc. residue 0-0 0-107 
2 ce. dialysate 0-052 0-0 
1 ce. residue + 2 cc. dialysate 0-054 0-090 
1 ce. residue + 10 cc. dialysate 0-253 0-077 


The activity of the residue is actually diminished by the addition of 
dialysate, this being due to the inhibitory effect of the inorganic phosphate 
thereby introduced. If a co-enzyme exists it must therefore have been still 
present in excess in the washed residue. 

Specific adsorption. Attempts have been made to purify the enzyme by 
specific adsorption, using kaolin, calcium phosphate and aluminium hydroxide 
(type B) prepared by the method of Willstatter and Kraut [1923]. Up to the 
present the results have been unsatisfactory. Where adsorption has appeared 
to take place, as judged from the loss of activity of the solution, attempts to 
recover the enzyme by elution have proved unsuccessful. 


Table ITI. 
Description of preparation A A/W 
20 % aqueous extract of bones of young normal rabbits... ae 0-61 0-077 
rachitic rabbits ... = 1-15 0-120 


. Alcohol-ether precipitate of (2). es sae aes sas ie 

(3), extracted with 50 % alcohol, reprecipitated with alcohol-ether 

Residue from ultra-filtration of aqueous extract taken up in water 
and precipitated with alcohol-ether ove eee ove oss — 0-240 

Table III gives the values A and A/W for various enzyme extracts and 
preparations purified by the above methods. 

It is interesting to calculate from these values of A the amount of inorganic 
phosphate which could be produced in 24 hours by the phosphatase in | g. 
of bone, assuming that this phosphate is immediately precipitated and the 
rate of hydrolysis consequently maintained. Thesé amounts in terms of 
calcium phosphate Ca,(PO,),, are, at pq 8-6, 0-37 g. and 0-66 g. per g. of 
normal and rachitic bone respectively, while at the py of the blood the values 


— 0-180 
— 0-570 


Ot G9 BO 
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would be about 0-08 g. and 0-15 g. These figures have, of course, only limited 
significance, since the conditions of the test (degree of extraction of enzyme, 
concentration of phosphoric ester, etc.) are not those which obtain in living 
cartilage, but they show by their magnitude that the activity of this enzyme 
is quite adequate for the réle which we have ascribed to it in the process 
of ossification. 

Use of the enzyme as a biochemical reagent. 


The following methods have been found satisfactory for the removal of 
phosphoric acid groups from such esters as can be hydrolysed by this enzyme. 

(a) 1g. of the barium salt of the phosphoric ester is placed in a small 
flask with 15 cc. water and 50-100 mg. of the enzyme preparation. The flask 
is kept at 40°; the py is adjusted to 8-6-8-8 and maintained approximately 
within that range by the addition at frequent intervals of a cold saturated 
solution of baryta from a burette. The use of a py higher than 9-0 invites 
the risk of rapid inactivation of the enzyme. Measurements of py are made 
on minute amounts (0-01 cc.) by means of a capillator. 

The baryta required gives a rough indication of the amount of hydrolysis, 
but usually falls short of the equivalent of the phosphate set free. This is 
probably due to the precipitation of the phosphate as a mixture of Ba,(PQ,), 
and BaHPO,. By this precipitation the inhibitory effect on the enzyme of 
an increasing concentration of inorganic phosphate [Martland and Robison, 
1927] is avoided, but the rate of hydrolysis nevertheless falls, and from other 
experiments it is evident that the enzyme is partially adsorbed on to the 
precipitated phosphate. For this reason the addition of a further quantity 
of the enzyme preparation may be necessary in order to complete the reaction 
in reasonable time (4-8 hours). 

Should the barium salt of the ester be sparingly soluble in water, the 
method is still applicable, but the flask must be frequently shaken to keep 
the solution saturated. When the hydrolysis approaches 100 % the enzyme, 
together with any barium salt left in solution, is precipitated by the addition 
of alcohol, and the filtered solution evaporated to dryness in an evacuated 
desiccator. The residue may be purified by extraction with water, evaporation 
of the filtered solution and re-extraction with alcohol. The product should 
now contain not more than a few mg. of material derived from the enzyme, 
this being without appreciable optical rotation or reducing power, as shown 
by control experiments omitting the substrate. 

Should the dephosphated product be insoluble in alcohol, a different 
method must be employed to separate it from the enzyme material. After 
completion of the hydrolysis the protein may be coagulated by boiling, and 
the aqueous filtrate evaporated or poured into alcohol according to the 
properties of the dissolved substance. 

(6) The chief disadvantage of method (a) lies in the alkaline reaction, 
which is undesirable when dealing with reducing sugars. It has been found 
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possible to carry out the hydrolysis at a py as low as 7-0 although, owing to 
the greatly reduced activity of the enzyme, several days may be required for 
the completion of the reaction. The soluble sodium salts are used and, as 
the liberated phosphate is not precipitated, no further addition of alkali is 
necessary. The isolation of the product is carried out in the same manner as 
described under (a), although the precipitation of sodium phosphate by alcohol 
is not so complete as that of the barium salt. 

Method (a) as applied to esters of non-reducing sugars or sugar derivatives 
has given excellent results. Thus a- and f-methyl-y-fructosides have been 
obtained from the corresponding derivatives of hexosediphosphoric acid 
[Morgan and Robison, 1928], pure crystalline trehalose has been isolated from 
trehalosemonophosphoric ester, which is a product of the fermentation of 
hexoses by dried yeast [Robison and Morgan, 1928], and gluconic acid has 
been obtained from the oxidation product of hexosemonophosphoric acid 
[Robison and King, 1929]. In all these cases a very good yield of the hydrolysis 
product was obtained without difficulty. 

When applied to the reducing hexosephosphoric esters, both methods 
gave results less easy of interpretation, some of which are discussed below. 


Hydrolysis of hexosediphosphoric ester. 


The specific rotations of a number of the sugar products obtained by the 
action of the bone phosphatase on the barium and sodium salts of hexose- 
diphosphoric acid are set forth in Table IV. The amount of ester used for 
each experiment was equivalent to 50-100 mg. P, the degree of hydrolysis 
varying from 63 to 95%. The rotations are calculated on the amounts of sugar 
in the syrups, dried over sulphuric acid, as determined by the Hagedorn- 
Jensen method. 


Table IV. 
Duration of [a]sae1 Of sugar 
Salt used Pu hydrolysis product 
Ba 8-8 4 hours — 82° 
Ba 8-8 PA — 60° 
Na 8-8 24 , — 48° 
Na 8-8 24 ,, — 63° 
Na 7:7 5 days — 64° 
Na 7-4 he? S5 — 64° 
Na 7-0 a — 76° 


Hexosediphosphoric acid is believed to be a derivative of y-fructose, 
which on removal of the phosphoric acid groups should change into the 
ordinary aB-fructose. Young [1909] found, however, that the solution ob- 
tained by acid hydrolysis was less laevorotatory than a solution of pure 
fructose of the same reducing power. The product obtained by the action of 
the bone phosphatase has, likewise, a laevorotation much lower than that 
of fructose ([@]54g, — 111°), and the values obtained vary within rather wide 
limits. For the products of hydrolysis at py 8-6 this could be explained by 
assuming that the Lobry de Bruyn transformation had taken place during 


Bioch. 1929 xxmt 16 





242 M. MARTLAND AND R. ROBISON 


the course of the reaction. It is surprising, however, that the product obtained 
by hydrolysis at py, 7-0 should also have a similar low specific rotation. The 
possibility arises that the synthesis and hydrolysis of phosphoric esters, which 
must be considered as occurring simultaneously during the whole course of 
the experiment (even though the final equilibrium represents almost complete 
hydrolysis) are causatively involved in the intramolecular transformation of 
the hexoses. Neuberg and Leibowitz [1928] have found that the partial 
hydrolysis of fructose diphosphate by various phosphatases may give rise to 
either of the two hexosemonophosphates, which are probably derivatives of 
glucose and fructose respectively. The theoretical suggestion put forward by 
Robinson [1927], namely, that the hydrolysis of a phosphoric ester might be 
accompanied by a Walden inversion, is of interest in this connection, although 
the transformation of fructose to glucose cannot be simply explained in this 
way. It is hoped that more evidence will be obtained on this problem from 


experiments now in progress. 


SUMMARY. 


Methods for the extraction and purification of the bone phosphatase and 


its use as a biochemical reagent are described. 
The application of this method to the hydrolysis of hexosediphosphoric 
acid and the properties of the hexose so obtained are discussed. 
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THE principal theories of the action of insulin may be shortly classified as 
follows. 

(1) The theory of increased oxidation of carbohydrate which states that 
insulin brings about its typical effects by stimulating the peripheral tissues 
to a more rapid and greater catabolism of carbohydrate. The evidence adduced 
in favour of this is drawn from observations on diabetic subjects and par- 
ticularly from the changes in the respiratory metabolism. All such experi- 
ments have depended on the interpretation put upon the respiratory findings. 
This theory demands that in the normal organism the effect of insulin be 
accompanied by a depletion of both liver- and muscle-glycogen, for as the 
peripheral carbohydrate is oxidised it is conceived that the liver delivers up 
its glycogen until, when both sources are exhausted, convulsions supervene 
and eventually the animal dies of carbohydrate deprivation. 

(2) The second view is that in addition to increased oxidation there occurs 
also a polymerisation of carbohydrate to glycogen or to substances as yet 
unidentified. 

In the eviscerated spinal cat, where the whole metabolism takes place in 
muscle, a very satisfactory balance has been struck between the sugar dis- 
appearing from the perfusion fluid on the one hand and the glycogen forma- 
tion and oxygen utilisation on the other [Best et al., 1926]. Cori and Cori 
[1928] have also been able to recover about 90 °% of the sugar to be accounted 
for in standard rats. These authors also found that in glucose-fed rats the 
action of insulin was to bring about a fall in liver-glycogen and an almost 
equal rise in muscle-glycogen. Barbour et al. [1927] corroborate this finding. 
Cori and Cori state that under the action of insulin the peripheral need for 
sugar is so great that there is none available for the formation of glycogen 
in the liver. 

(3) The third view is that originally propounded by Laufberger [1924] 
and more recently supported by Best e¢ al. [1926] and Bissinger and Lesser 
[1926] as a partial explanation of the action of insulin. It states that the 
essential action of insulin is to inhibit the formation of glycogen from fat 
and protein. Laufberger strongly opposed the oxidation theory as a result 
of respiratory experiments on various types of animals. He also, by deter- 
mining the non-sugar carbon (Restkohlenstoff) in blood, showed that the 
existence of a new carbohydrate complex in the blood of insulinised animals, 
as suggested by Macleod, was very improbable and Macleod himself has 
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recently admitted that the conception is unnecessary. In common with other 
workers Laufberger found that insulin caused the disappearance of glycogen 
from the liver of the normal animal, and he conceived that death from excess 
of insulin occurred as a result of (1) exhaustion of existing glycogen in the 
liver and tissues and (2) inhibition of replenishment from non-carbohydrate 
sources. The whole of this theory stands or falls, as Laufberger himself says, 
on the truth of the observation that insulin brings about an exhaustion of 
liver- and muscle-glycogen. He emphatically states that in no type of animal 
has he ever failed to find this glycogen-depleting action of insulin, whether 
convulsions did or did not occur. 

(4) The fourth theory is that insulin produces a change in the nature of 
sugar so that a more readily utilisable form is produced. Various substances 
have been suggested but the evidence is very meagre. 

It seemed to us that the fundamental matter to decide unequivocally 
was whether insulin did in fact diminish the liver- and muscle-glycogen in 
the normal animal. The diversity of the results in the literature made it 
probable that some underlying factor was preventing a uniformity in the 
findings of different workers, for there seemed no possibility of explaining 
the differences merely on criticisms of technique. The question arose as to 
whether it might not be explained by the variability in development in 
different species of animal. There can be no doubt that in different species 
the activity of such glands as the adrenal, pituitary, thyroid and sex glands 
is a variable factor and that this applies also to different stages in the de- 
velopment of the same animal. It was decided to see if uniform results could 
be obtained in very young animals. Young rabbits were used and comparisons 
made between members of the same litter. The findings with these animals 
have already been published [Goldblatt, 1929]. It was found that in every 
case after a dose of insulin (0-2-0-5 unit) sufficient to bring about convulsions 
in the young rabbit starved for 24 hours previously, there occurred a very 
large rise in liver-glycogen. Further, this increase was associated in all the 
cases with a blood-sugar of vanishing proportions and a muscle-glycogen not 
significantly affected. It was observed that the greatest rises in liver-glycogen 
occurred when the animals were allowed to proceed right to the onset of 
convulsions. In fact it was thought that with a given dose of insulin the 
concentration of glycogen might be a roughly linear function of the time of 
action. 

Frank et al. [1927], using adult rabbits, state that if the animals be starved 
for 4 to 6 days their liver-glycogen does not exceed 0-2 % and they are 
therefore suitable for controls in comparative work with insulin. The muscle- 
glycogen, they state, shows no uniformity. Using 6 such animals (liver- 
glycogen varying from 0-05 to 0-297 %) they found that in a series of similarly 
starved animals treated with insulin in doses of 0-1 clinical unit, the liver- 
glycogen rose to 3-8 % (variations from 0-6 to 3-8 %) even when the blood- 
sugar fell relatively little. These authors do not state the weight or age of 
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their animals. In some experiments which we carried out on adult animals 
of 4 kg. weight the liver-glycogen after 4 days’ starvation was in several cases 
between 2 and 3%. In two such animals used for comparative work with 
insulin the control after 4 days’ starvation had a liver-glycogen of 2-1 % and 
the other animal after injection of 0-5 clinical unit on two occasions gave a 
value of 2-73 %, the blood-sugar having fallen from 0-113 to 0-062 %, the 
total time of experiment being 3 hours 11. minutes. The difference between 
these results and those of Frank et al. may be due to the age and activity of 
the rabbits used, young animals losing their glycogen much more quickly on 
starvation than old ones. The conclusion drawn by Frank et al. from their 
experiments was that the theory of Laufberger, later supportedsby Daje and 
by Bissinger and Lesser, that the action of insulin was essentially{o #hhibit 
gluconeogenesis, is no longer tenable, Frank considering that the extra; liver- 
glycogen is derived from body-protein. As there is no analysis of niffegen 
excretion given this cannot yet be said to be proven. aah 

There can, however, be no doubt that, both*in Frank’s experimehts and‘, 
our own, using starved animals, a new forfnation of glycogen w#s taking ~ 
place under the influence of insulin, and that this new glycoggh was not 
derived from muscle-glycogen, since it has been abuntgntly sheéwn that the 
latter cannot contribute to circulating carbohydrate [Bollman, Mann and 
Magath, 1925; Markowitz, 1925; Soskin, 1927]. 

Further consideration of the facts seems to chmplicate the problem. How 
is the fact that insulin brings about a large increase in the liver-glycogen of 
the fasting rabbit to be reconciled with the further fact that animals to which 
sugar is administered and into which insulin is injected in large doses show a 
progressively diminishing glycogen content in the liver? This latter fact is 
emphasised by Barbour et al. [1927], who say: “There can be no doubt that 
very large doses of insulin given to animals which are absorbing glucose from 
the alimentary canal cause more glycogen to be deposited in the muscles 
accompanied by an approximately corresponding decrease in the amount 
deposited in the liver.” 

This statement was made as a result of work done with standard rats, 
but we show below that it is also true for the young rabbit. Frank, attempting 
to explain this apparent anomaly, considers that, since, in order to produce 
convulsions in the fed animal, it is necessary to use large and unphysiological 
doses of insulin, there occurs a large utilisation of sugar peripherally so that 
the liver tends to replenish the muscle-glycogen by delivering up its own 
glycogen. Thus there occurs a fall in hepatic glycogen. We cannot, however, 
accept this view because it would necessitate in all cases the association of 
largely depleted liver- and muscle-glycogen with the onset of convulsions, 
which is not a fact [Goldblatt, 1929]. 

If we consider that in our young rabbits, given a dose of insulin sufficient 
to reduce the blood-sugar to almost zero and bring about the convulsive 
syndrome, there occurs a large accumulation of glycogen in the liver which 
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if liberated as glucose could preserve the animal’s life for a considerable period, 
and, further, that if to such animals glucose be administered per os or paren- 
terally recovery occurs, then it seems clear that, although there is a definite 
inhibition of glycogen release, free sugar is in quite a different position and 
can up to a point pass freely through the liver. This matter will be returned 
to later in this paper. 


EXPERIMENTAL. 


Having shown in a previous communication [Goldblatt, 1929] that the 
injection of insulin into young rabbits is followed invariably by a very large 
accumulation of glycogen in the liver, it was important to see if this occurred 
also in other species. For this purpose we first of all chose the rat. The very 
large amount of work done by Barbour et al. [1927] and by Cori and Cori 
[1928] on the metabolism of the rat made it improbable that our results 
would be likely to add to our knowledge of the action of insulin. These in- 
vestigators have in the main obtained similar results, that insulin depletes 
the liver-glycogen in the starving rat and inhibits glycogen formation in the 
fed rat. Cori’s view as a result of his work is that insulin produces so great 
an increase in peripheral oxidation that the liver is forced to give up its 
glycogen or does not form glycogen at all. 

These results are so out of harmony with those we obtained with young 
rabbits that it is felt that there is some fundamental difference between the 
metabolism of these animals. In order to satisfy ourselves that the large 
increase in liver-glycogen could not in fact be reproduced in rats, the following 
experiments were carried out. The methods of analysis were the same as 
those detailed in our previous work. 

Experiments 1 and 2 show that with doses of insulin varying from 
0-2 unit to 4 units significant increases in glycogen could not be demonstrated 
in the liver of the rat starved for 24 hours. It is further clear that rats vary 
enormously in their susceptibility to insulin. Thus animal 3 in Experiment 2 
developed convulsions after 0-75 unit in 1 hr. 7 mins., whilst animal 4 showed 
no symptoms 2 hrs. 36 mins. after 1-25 units. It is also to be remembered 
that the metabolism of the rat is very rapid and that during starvation they 
lose weight very rapidly due to the acceleration of the processes of gluconeo- 
genesis which are necessary to replace the glycogen which they exhaust very 
quickly. These animals must therefore possess mechanisms, probably regu- 
lated by their endocrine system, by means of which they can rapidly mobilise 
carbohydrate for the needs of their muscular system. This state of affairs is 
in marked contrast to that found in the rabbit, which has a relatively much 
lower heat production. Having regard to these considerations it was to be 
expected that, if insulin produced a very much increased peripheral utilisation 
of sugar and at the same time inhibited gluconeogenesis, the rat would be a 
particularly suitable animal for demonstrating a rapid depletion of liver- and 
even muscle-glycogen. 
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Exp. 1. Four albino rats were starved for 24 hours. They were then treated as detailed below 
and determinations made of blood-sugar and liver-glycogen. The injections of insulin were made 


subcutaneously. ‘ ; 
iver-glycogen 


Blood- -——aata——_ 
sugar per 100 g. 
Wt. g. per body-wt. 
No. g. 100 ce. g. % mg. mg. Remarks 
1 16 0-072 0-85 38 22-5 Control—no treatment 
2 129 0-069 0-69 26 20-2 0-2 unit—killed 2 hrs. 40 mins. later 
3 149 0-081 0-65 28 18-8 0-4 unit—killed 2 hrs. 54 mins. later 
4 106 0-051 1-00 29 27°3 0-6 unit—killed 3 hrs. later 
Exp. 2. Six albino rats were starved for 24 hours and then treated as below. 


Liver-glycogen 


Blood- ——_—_——_—* — 
sugar per 100 g. 
Wt. g. per body-wt. 
No. g. 100 ce. g- % mg. mg. Remarks 
1 184 0-100 0-59 34 18-5 Control 
2 119 0-018 0-67 27 22-7 2.13 p.m. 0-5 unit 
3.10 ,, Killed 
3 110 a 0-82 28 25-6 2.18 ,, 0°75 unit 
3.25 ,, Convulsions 
3.30 ,, Killed 
4 138 0-033 0-95 33 23-9 2.24 ,, 1-25 units 
5.0 ,, Killed 
5 188 -— 1-11 52 27-7 2.30 ,, 1-5 units 
5.51 ,, 2-0 units 
7.12 ,, Killed 
Hypoglycaemic during 40 mins. 
6 199 0-020 0-74 45 22-6 2.35 ,, 2 units 
5.12 ,, 2 units 
5.35 ,, Convulsions and killed 


Dale and his co-workers have indeed drawn attention to this point. But 
our results cannot be brought into line with any theory which attributes an 
inhibition of gluconeogenesis to insulin, for whatever may have occurred in 
the peripheral tissues there certainly did not occur any exhaustion of liver- 
glycogen, which leaves no doubt in our mind that formation of carbohydrate 
from non-carbohydrate sources was proceeding quite adequately in spite of 
the active effect of the insulin. 

Exp. 3. Four young rats were taken without previous starvation. One was kept as a control 
and the other three received subcutaneous injections of 1, 2, 3 units (clinical) of insulin. The 


latter animals were allowed to die in convulsions. The control was killed after the others had 


died. No food was allowed during the experiment. 
Carcase signifies what remained after decapitation and removal of the abdominal viscera. 


Blood- Liver- Carcase- Total 
sugar glycogen glycogen glycogen 
Wt. = g. per —_—_ —~——, per 100g. 
No. g. 100cc g.% mg. g.% #£4x2mg. body-wt. Remarks 
1 57 0-030 0-35 8 0-21 47 96 3 units—convulsions 29 mins. 
after injection, lasted 37 mins., 
when animal died 
2 53 “— 0-53 11 0-12 33 83 2 units—convulsions 22 mins. 
after injection, lasted 50 mins., 
when animal died 
3 49 ae 0-42 10 0-21 46 114 1 unit—convulsions 24 mins. 
after injection, lasted 52 mins., 
when animal died 
+ 61 0-113 0:49 ll 0-24 64 123 Control—killed after the others 


had died 
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The first noteworthy point in Exp. 3 is the exceedingly low values for 
glycogen in these small animals, even unstarved, which gives some idea of 
the necessity for frequent feeding in order to spare the tissues. The enormous 
doses of insulin used and the very severe convulsions which supervened were 
clearly not able to bring about an exhaustion of either liver- or carcase- 
glycogen. Definitely less glycogen was found in the insulinised animals than 
in the control, but this did not apply to any extent in the liver. 


Exp. 4. Four albino rats-were starved for 24 hours and were then given a mixture of 3 g. 
flour and 5g. glucose worked up into a soft mass with a little water. They all ate the mass 
readily and after 3 hrs. had consumed almost all of it. Injection of insulin took place immediately 
on presenting the food mixture. 

Liver-glycogen 


—— on 
per 100g. 
Wt. body-wt. 
No. g. g. % mg. g. Remarks 
1 132 4-63 182 1:3 Control—killed 4 hrs. after presenting food 
2 163 2-86 142 0-87 0-2 unit insulin—killed 4 hrs. after pre- 
senting food 
3 152 4-27 177 1-16 0-4 unit insulin—killed 4 hrs. 10 mins. after 
presenting food 
4 138 4-95 187 1-36 0-6 unit insulin—killed 4 hrs. 30 mins. after 


presenting food 


Unfortunately in this experiment the blood-sugar values could not be 
determined. The figures are, however, of some interest in view of the findings 
of Barbour et al. that up to 3 hours after the injection of moderate doses of 
insulin in fed rats there occurs a retardation of glycogen deposition in the 
liver. Of course, no more can be concluded from this experiment than that it 
is at least possible to have rats which, when fed with plenty of carbohydrate 
and treated with doses of insulin varying from 1 to 5 units per kg., can lay 
down quantities of glycogen of the same order. Although this to some extent 
opposes the findings of Barbour et al. [1927] and of Cori and Cori [1928] we 
do not deny the principle involved in their findings, for similar results to 
theirs could be obtained using young rabbits, as shown in the next experiment. 


Exp. 5. Six young rabbits from the same litter, 7 weeks old, were starved for 24 hours before 
the experiment. 20 cc. of 50 % glucose solution were given by mouth by means of a tube and 
syringe. Insulin was injected immediately afterwards and the animals were killed 3 hrs. later. 


Blood- Liver-glycogen 
sugar ————A—_—— 
Wt. g. per Total 
No. g. 100 ce. g-% g. Remarks 
] 667 0-154 0-55 0-10 Control—no treatment 
2 774 0-224 5-00 1-54 10 g. glucose per os 
3 714 0-197 3-82 0-84 m ss » —2 units insulin 
4 760 0-159 3-56 0-82 o 99 pm + oe. 
5 737 0-090 2-20 0-59 a is a -6 as 
6 725 0-058 2-15 0-51 A i » —8 ‘s 


None of the animals in this experiment showed any symptoms. The pro- 
gressively lower glycogen in the liver with increasing doses of insulin was 
very striking, particularly when one considers that it is possible to obtain 
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values of liver-glycogen up to 4 % in insulinised animals given no food at all 
(see below). 

Examination of the intestinal contents of all the animals which had been 
given glucose showed that there were still large quantities of reducing sugar 
available. In spite of this the animals were approaching hypoglycaemia 
which, as is well known, could have been averted by giving more sugar. This 
puzzling circumstance recalls the fact that after the administration of sugar 
to the normal animal the temporary rise in blood-sugar is followed by a marked 
fall, even to hypoglycaemic levels, at a time when there are still large quantities 
in the gut and the respiratory metabolism has returned to normal levels. 
This phenomenon is usually explained as being the result of a stimulus to 
storage in the liver arising from the raised blood-sugar and the degree of 
saturation of the muscles with carbohydrate. This conception clearly cannot 
be applied to such an experiment as No. 5. 

If absorption from the gut is at the same rate in every case then there 
seems to be no alternative but to regard the lower liver-glycogens as due to 
the excessive utilisation in the muscles brought about by the very large doses 
of insulin. But we feel that this question of absorption is precisely the diffi- 
culty. This matter is being investigated and no final decision can as yet be 
given. 

The question of controlled absorption arises again if we consider the changes 
in blood-sugar after successive doses of glucose. The following experiment 
illustrates this. 


Exp. 6. The blood-sugar changes in normal men following 4 successive doses of 50 g. glucose 
each. The first was given 3 hrs. after the morning meal. 
Subject 1: _ Blood-sugar 


Time g. per 100 ce. Remarks 
12.00 0-102 12.05 p.m. 50g. glucose 
12.30 0-150 
1.00 0-125 OO 5s ss 
1.30 0-135 
2.00 0-125 2.00 ,, = 
2.30 0-109 
3.00 0-125 3.00 ,, x: 
4.00 0-117 
Subject 2: 
11.40 0-113 11.45a.m. 50g. glucose 
12.15 0-122 
12.45 0-122 
1.15 0-104 1.30 p.m. x 
2.00 0-122 
2.30 0-125 2.50 ,, 2 
3.05 0-113 
3.20 0-129 
3.35 0-100 3.50 ,, 53 
4.15 0-117 


The first point of interest in these figures is that one cannot force up the 
blood-sugar of the normal subject by successive doses of sugar: all that is 
possible is to prevent the fall to the rather low levels which commonly follow 
the administration of a single dose. Examination of these tables will show 
that at three points the administration of the sugar was followed in the first 
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half-hour by a fall in blood-sugar, to be succeeded by a return to the original 
or a rather lower level. Such a fall has never been observed by us following 
a single dose of sugar. It appears, therefore, that there exists a very delicate 
mechanism by means of which the processes of absorption and discharge of 
sugar from the liver are regulated to the needs of the peripheral tissues. Thus, 
in starvation, when the immediate needs of the tissues are being supplied by 
gluconeogenesis, the administration of sugar is followed by blood-sugar values 
far in excess of the normal which are sustained at high levels for a very 
prolonged time. The respiratory metabolism in such cases shows much less 
rise in R.Q. and what rise does occur takes place during the fall in blood-sugar. 
The same delay in the rise of R.Q. also occurs in the ordinary post-absorptive 
state. Accepting the usual interpretation of the R.Q. this would mean that 
there is a lag in the oxidative mechanism after the presentation of the sugar 
to the tissues, which would suggest that a certain concentration of carbo- 
hydrate must be reached in the tissues before the process of oxidation is 
commenced or the process of gluconeogenesis is diminished. 


Now the height of the blood-sugar at any time is proportional to the ratio 
rate of liberation from the liver 
rate of peripheral utilisation 
tend to readjust this ratio to an equilibrium value which keeps the blood- 


sugar in the region of 0-100 g. per 100 cc. Permanent disturbance in either 
or both the terms of this ratio must result in a pathological condition. 

The possible number of variations of this ratio is nine, according as we 
have unchanged, increased and diminished activity of the two factors. Every 
case of ortho-, hyper-, and hypo-glycaemia must be covered by these varia- 
tions. 

Now after the administration in the post-absorptive state of a dose of 
glucose per os there is at first a rapid delivery of sugar to the muscles and a 
temporarily almost exclusively carbohydrate oxidation. There then seems to 
occur a fall in sugar oxidation and then the blood-sugar falls. There must 
hence be a fall in both terms of the above ratio until, when the mass of 
available carbohydrate reaches a certain level, gluconeogenesis is brought 
into play in order to keep the ratio as near the equilibrium point as 
possible. 

Now, since an animal can go into insulin convulsions with quantities of 
sugar in the gut, it seems unavoidable to consider that the concentration of 
the intestinal sugar has fallen to a level at which the rate of absorption is 
inadequate to combat the hypoglycaemic action of the insulin, although the 
absolute amount may be quite sufficient. The effect of dilution can easily be 
shown by taking 50g. glucose dissolved in a very large volume of water, 
say a litre, when the rise in blood-sugar will be found to be very slight 
indeed. 

But the fact, as seen in Exp. 5, that progressively increasing large doses 
of insulin acting for the same time are associated with progressively less 
formation of glycogen from free sugar, indicates that the passage of sugar 





and the normal organism seems at all times to 











INSULIN AND GLUCONEOGENESIS 251 


through the liver is so rapid that a large quantity of glucose has passed 
through the liver before the dilution effect comes into play. This is not the 
same as saying that the animal can deplete its liver-glycogen when under 
the influence of insulin, which is the opinion of Frank and others. For, as 
we have seen in young animals, and Chaikoff [1925] found in adults, death 
from insulin convulsions may occur in the presence of high liver-glycogen 
values. What is suggested is that free sugar can, under the necessities brought 
about by large doses of insulin, pass rapidly through the liver, the amount 
remaining available for formation of glycogen being correspondingly less. But 
such glycogen as is formed, we conceive, is fixed so that it is not available 
for the relief of the severe condition which later arises. 

In the next experiment further evidence was sought for the view that 
insulin inhibits glycogen release. 


Exp. 7. The writer was the subject of experiment. In order to establish a state in which 
the process of gluconeogenesis was actively proceeding, a preliminary starvation of 40 hours 
was undergone. Insulin was then injected subcutaneously and when hypoglycaemia was well 
established glucose was taken. As evidence of gluconeogenesis we may take the degree of ketosis, 
for a large body of evidence exists that the ketonic acids arise as products of this process. These 
substances were estimated by a method described by the writer for small quantities of urine 


[Goldblatt, 1925}. 
Acetoacetic B-Hydroxy- 








Urine Rothera acid butyric acid Blood-sugar 
Time ce. reaction mg. perhr. mg. perhr.  g. per 100 cc. 
11.00 a.m. 33-0 ++ 6-8 7-4 — 
11.30 ,, 13-0 ++ - —- — 
11.52 ,, — — — 0-077 
11.54 ,, 8-0 ++ 9-3 4-8 — 
11.57 ,, . 10 units insulin hypodermically 0-062 
12.00 _,. — — — — — 
12.30 p.m. 190 ++ 17-4 39-6 0-065 
12.45 ,, 50 g. glucose in 200 cc. water taken 0-054 
12.47 ,, 10-0 op ae — a 
iO. 3 — = —- — — 
LAO 5, 10-0 ++ 11-6 13-6 0-082 
Loe. > 8-5 ++ — _— — 
Has... 9-5 * 6-8 7-6 0-109 
2.00 ,, 10-0 _— 0 0 “= 
2.15 ,, 15-0 = 0 0 0-122 
2.30 ,, 9-5 ae = an — 
2.45 ,, 14-0 — — — 0-122 
3.00 ,, 10-0 — 0 0 —- 
3.15 ,, — -- “= _- 0-069 
3.30 ,, 17-0 -- 0 0 — 
3.45 ,, — — = — 0-045 
4.00 ,, 15-5 -- 0 0 — 
4.15 — —_ —- 0-027 


At this stage a strong hypoglycaemic reaction was experienced. Glucose, 
bread and tea were administered and recovery took place in about an hour. 
At 5.30 there was glycosuria and a positive Rothera reaction and at 5.45 the 
blood-sugar was 0-137 g. per 100cc. In interpreting these findings the following 
points must be noted. 

(a) After this period of starvation there is ample glycogen in the liver 
and tissues but gluconeogenesis is proceeding as indicated by the ketosis. 
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Since the latter can be completely abolished by giving glucose or any other 
good glycogen former, we consider that it is the concentration of glycogen 
in the liver which determines the degree of gluconeogenesis. 

(b) When the excretion of the ketonic acids falls to zero we consider that 
the glycogen in the liver is at an optimum for the normal supply of carbo- 
hydrate to the tissues. 

The first point we note in this experiment is the rapidity of action of the 
insulin, pre-hypoglycaemia being definitely experienced in 33 mins., when 
the blood-sugar had fallen to 0-054.g. per 100 cc. 50g. glucose in 200 cc. 
water having been taken, a severe hypoglycaemic attack occurred 3} hours 
later. Examination of the blood-sugar values shows that although the 
maximum value was only 0-122, the absolute rise above the level attained when 
the sugar was taken was 0-068 g. per 100 cc., which is not significantly different 
from the increase usually obtained after such a dose of sugar without insulin. 
Thus the rate of passage of sugar through the liver was up to this point 
adequate to counteract the effect of the peripheral utilisation. This maximum 
point was associated with the disappearance of the ketosis and, as we 
believe, with a concentration of glycogen in the liver sufficient to inhibit 
gluconeogenesis. 

The phenomena now become different, for the blood-sugar values fall 
steadily until very low levels are attained (0-027 g. per 100 cc.) and still the 
ketosis remains absent. No urine could be collected between 4.15 and 5.30 p.m. 
as the subject was prostrate; but the nitroprusside reaction was distinctly 
positive at the latter time and at 5.45 p.m., i.e. when the action of the insulin 
had worn off. Examination of the values for the excretion of acetoacetic acid 
and £-hydroxybutyric acid shows that there occurred a large rise in the 
amounts of these substances after the injection of the insulin. Similar results 
have been recorded by Collip [1923], who observed the production of ketone 
bodies in hypoglycaemic rabbits, and by Burn and Ling [1928], who report 
very large increases in the ketosis of rats adapted to a fatty diet, following 
the injection of insulin. We have not been able to confirm these latter findings 
but the results in the above experiment are suggestive. 

Now, although it is probable from Exp. 5 that there was less glycogen in 
the liver than there would have been had no insulin been injected, there could 
be no doubt that even when a dangerous hypoglycaemia had been reached 
there was an amount present high enough to prevent gluconeogenesis. This, 
we consider, corroborates our view that the outstanding effect of insulin in 
the intact animal is to inhibit the release of such glycogen as is already 
present in the liver. 2 


In the following experiments a relationship was sought between the 
formation of new liver-glycogen, the dose of insulin and its time of action 
in the starving young rabbit. 
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Exp. 8. In this experiment the time of action was kept constant and the dose varied. Five 
young rabbits, 6 weeks old, from the same litter were starved for 24 hrs. and were killed in all 
cases about 2 hrs. after the injection of the insulin, whether convulsions had or had not supervened. 

Liver-glycogen 
Tae 


Blood- Increase 
sugar over 
Wt. g. per Total control 
No. g- 100 ce. g- % mg. mg. Remarks 
1 493 0-141 0-82 139 _ Control 
2 399 0-058 1-71 297 158 0-25 unit—slight convulsive attack. 
Killed 2 hrs. 10 mins. after insulin 
3 472 0-062 1-03 167 28 0-50 unit—no symptoms. Killed 
after 2 hrs. 9 mins. 
4 590 0-058 0-99 185 46 0-75 unit—no symptoms. Killed 
after 2 hrs. 7 mins. 
5 682 0-058 0-69 167 28 1-0 unit—no symptoms. Killed 


after 2 hrs. 5 mins. 


It has been found in these young animals that the glycogen content of 
the liver after 24 hours’ starvation is higher in the winter (when the experi- 
ments recorded in this paper were carried out) than in the summer. Further, 
they seem to be more resistant to insulin in the winter than in the summer, 
as judged by the rapidity of onset of convulsions after a given dose. The 
results of the above experiment show that the degree of gluconeogenesis in 
the liver is not so much a function of the dose of insulin as of the rapidity of 
approach to the convulsive state. The only animal which showed a rise in 
the liver-glycogen which we can regard as considerable was No. 2, which was 
the only one that exhibited a convulsive attack, and it had received the 
smallest dose of insulin. We must, therefore, consider that the large new 
formation of glycogen is a response to some urgent necessity arising from the 
intensity of action of the insulin. In the next experiment the dose of insulin 
was kept constant and the time of action varied. Estimations of muscle 
(gastrocnemii)-glycogen were also carried out in each case. Determinations 
of so-called “free sugar” were also made in liver and muscle. This was 
done as follows. About 5 g. of tissue were dropped into a weighed stoppered 
centrifuge tube of about 100 ce. capacity containing 20 cc. absolute alcohol, 
which had been kept in ice. After weighing, the tissue was minced under the 
alcohol as finely as possible with sharp scissors, which were washed clean 
with 20 cc. 70 % alcohol. The contents were now shaken periodically and 
kept in ice for 2 hours and then centrifuged. The clear supernatant fluid 
was then pipetted off and run into a graduated 100 cc. flask. The entire 
operation was then repeated and the supernatant fluid again added to the 
flask. The alcohol was now removed on the water-bath and the residual fluid, 
which was of a yellowish colour, worked up for estimation of sugar as follows. 
20 cc. of 15 % sodium sulphate and 3 drops of glacial acetic acid were added 
to the flask and, after warming on the water-bath, 1 cc. of colloidal ferric 
hydroxide was added. The flask was cooled and the liquid made up to 
100 ce. and filtered. Reducing power was estimated in 20 cc. of the filtrate 
by the method of von Issekutz and von Both [1927]. In regard to this method 
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it must be mentioned that when dealing with extracts of tissue allowance 
must be made for iodine-binding substances by a preliminary titration in 
the cold. Although there can be no question of the figures thus obtained 
being entirely due to sugar, it was thought that any considerable change in 
tissue-sugar would show itself by this method. 


Exp. 9. Seven young female rabbits from the same litter, 6 weeks old, were starved for 24 hrs. 
Two were taken as controls, four were given 0-5 unit of insulin subcutaneously and killed at 
different times afterwards. One was given sufficient insulin to put it into convulsions and then 


killed. 

Liver 

—o#H_—"— Muscle 

Blood- Glycogen “Free — oO, 
sugar 9 -—— A———, sugar” “ Free 
g. per Total Total Glycogen sugar” Dose of insulin and 
100 ce. g- % mg. mg. g-% g.% time of action 
0 0-81 142 127 0-28 Control 
0-122 0-62 155 — 0:29 
0-035 1-28 225 — 0-28 
0-056 0-78 152 66 0-32 
aa. 1-19 195 — 0-32 
0-053 3-62 761 90 0-30 
0-035 4-43 1159 — 0-23 
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It was again seen that the control values for liver-glycogen were much 
higher than those found in similar animals in summer. The muscle-glycogen 
was, however, of the same order as always found in these animals. 

The first point elicited from this experiment was that, although there 
occurred marked rises in liver-glycogen in animals 3 and 5, animal 4 showed 
no change, which we think shows that the amassing of liver-glycogen is not 
merely a function of the time of action of the same dose. The time of action 
is, however, clearly of great importance as is seen from the findings with 
animal 6, which, without any manifest symptoms, was found to have a 
liver-glycogen of 3-62 % and a total of 761 mg., 7.e. 5 times the control value. 
It seems as if the process of gluconeogenesis were suddenly stimulated to a 
very much increased activity by an emergency created by the insulin at its 
point of maximum effectivity. No. 7 illustrates very strikingly the progressive 
nature of this glycogen deposition in the liver and demonstrates beyond doubt 
that insulin, in these circumstances, so far from “clearing out” the glycogen, 
is bringing about a very rapid gluconeogenesis. 

The values for muscle-glycogen were remarkably uniform and left no 
doubt that whatever carbohydrate was being used peripherally was being 
adequately replenished from new sources as the insulin continued its action. 
The “free sugar” in the liver was very suggestive of an inhibition of glyco- 
genolysis, for the ratio of this to glycogen fell from 0-9 in the first control to 
0-43 in No. 4 and then to 0-12 in No. 6. In the muscles, however, no such 
striking changes were found. These results suggest that whilst insulin may 
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inhibit the change from glycogen to glucose in the liver, it does not do so in 
the muscles. 

From the last two experiments we consider that insulin can stimulate the 
process of gluconeogenesis in the liver, and that this effect is most obvious 
when the animal is at the stage of convulsions. 


SUMMARY. 


1. Evidence is presented that insulin can stimulate the new formation of 
glycogen from endogenous sources. 

2. It is considered that the theory that insulin inhibits gluconeogenesis 
is untenable. 


I am indebted to Dr H. R. Youngman for assistance in the carrying out 
of the last two experiments. 

It is a pleasure to express my gratitude to Prof. Hugh MacLean for his 
unfailing advice and encouragement. 
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XXXIV. THE HYDROGEN ION CONCENTRATION 
AND THE CALCIUM AND PHOSPHORUS CONTENT 
OF THE FAECES OF RACHITIC CHILDREN. 

By THIRZA REDMAN. 

From the Department of Bacteriology, Liverpool University. 


(Received March 14th, 1929.) 


In a previous paper [Redman, 1928] an attempt was made to correlate the 
Py Of the faeces of rachitic children with their clinical condition, the children 
being kept in hospital on a special diet, but different groups undergoing 
different methods of treatment, and their clinical condition being controlled 
by X-ray photographs. In the present paper another aspect of the same work 
is described. 

The investigation consisted in the determination of the py of fresh samples 
of faeces and the estimation of the calcium and phosphorus in the same 
samples when dried. The py values were determined by means of the quin- 
hydrone electrode. 

Calcium was estimated in the following manner. A suitable quantity of 
dried faeces was burnt to a grey ash in a vitreosil crucible. The ash was 
extracted with hot dilute HCl and well washed with hot water. The filtrate 
was made just alkaline to methyl red with ammonia and then just acid with 
acetic acid; it was then boiled, precipitated with boiling ammonium oxalate 
solution and left overnight. The precipitate was filtered off, washed, dissolved 
in hot, dilute H,SO, and titrated with standard permanganate solution. 

For the estimation of phosphorus a portion of dried faeces was digested 
in a round-bottomed flask with a mixture of conc. H,SO, and conc. HNO, 
till all the nitric oxide fumes were boiled off and oxidation was complete. 

The liquid was cooled, diluted with water and made slightly alkaline 
with ammonia, then just acid with nitric acid and a volume of 50 % ammonium 
nitrate added. After heating to 70° the solution was precipitated with 
ammonium molybdate mixture, well shaken, cooled and filtered by suction. The 
precipitate was washed with 10 % HNO, then with 2 % NH,NO, and lastly 
with distilled water. It was then washed back into the flask, dissolved in a 
known volume of N/2 NaOH, boiled for 20 minutes, cooled and titrated with 
N/2 H,SO,, using phenolphthalein as indicator. 1-2 cc. of acid were added 
in excess and the solution boiled again for 15 minutes. It was then cooled 
again and accurately titrated with N/2 NaOH. 

Curves were then plotted to show the relationship between the py and 
the percentages of calcium and phosphorus in the faeces at different periods 
of time under the same conditions of diet, but under different treatments, 
until healing of the rickets was established. 
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The children were kept on the following diet: 


Milk Mince 

Cream Minced chicken 
Cocoa, made with milk Bacon gravy 
Raw egg beaten in milk Bread 
Blancmange Rusks 

Custard Butter 

Beef tea or chicken broth Oranges 


Two younger children (Nos. 48 and 49) did not receive mince, chicken 
or cocoa. 

The different treatments were as follows: 

1. Cod-liver oil and malt together with 

(a) artificial sunlight (tungsten-cored carbon arc), 
(6) mercury vapour lamp. 

“Ostelin.” 

Irradiated ergosterol. 

* Radio-malt.” 

Irradiated cholesterol. 

The routine method of dealing with the faeces was described in the 
previous paper. 

Curves have been plotted from one or two representative cases from each 
group of children and from one control child on the same diet, but not 
suffering from rickets. Figs. 1 to 7 show the curves for rachitic children and 
Fig. 8 shows the curve for the normal child; the ordinates on the left refer 
to “percentages,”’ those on the right refer to pg, while the abscissae refer 
to the periods of time in days. 

Figs. 1 and 2 (cod-liver oil) show a pronounced fall in the output of 
calcium in both cases 34 and 36 as treatment proceeds and healing occurs, 
but a rise in No. 34 towards the time of complete cure. 

A tremendous drop occurred simultaneously in the amount of phosphorus 
in case 34 but was not so marked in case 36. The phosphorus curve crossed 
the calcium curve about the 25th day in case 34, but unfortunately data were 
not obtained for case 36, in which the two curves were approaching each 
other towards the 15th day. 

The calcium curve swings in a corresponding manner to the py curve in 
the later part of case 34, and practically all the time in case 36. 

In Fig. 3 (case 38, “ostelin ’’), calcium output fell to a minimum about the 
23rd day. The phosphorus curve did not reach its minimum till later, on 
the 29th day. 

No correlation between py and either calcium or phosphorus was apparent. 

Fig. 4 (case 40, irradiated ergosterol) is remarkable in that the calcium 
values are almost all lower than those obtained for phosphorus; also for the 
fact that, on this treatment, cases took a much longer time to heal. 

In Fig. 5 (case 44, “‘radio-malt”’) great variations occur in the calcium but 
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not nearly so marked in the phosphorus output. Again, the phosphorus curve 
crosses the calcium curve as healing occurs and then diverges from it. The 


5 10 15 20 25° Days 


Fig. 1. Case 34. Treatmeut. Cod-liver oil 
and A.S. X-ray. Cured 51 days. 
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Fig. 3. Case 38. Treatment. ‘ Ostelin.” 


X-ray. Cured 62 days. 
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Fig. 2. Case 36. Treatment. Cod-liver oil and 
Hg vapour lamp. X-ray. Cured 38 days. 
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Fig. 4. Case 40. Treatment. Irradiated ergo- 
sterol. X-ray. Nearly cured 63 days. 
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Py and calcium curves swing together for the greater part of the time. 
Clinically, the case improved rapidly in general condition and intelligence. 
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Figs. 6 and 7 (cases 48 and 49, irradiated cholesterol) show tremendous 
variations in calcium over the first 15 days but greater output of phosphorus 
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X-ray. Nearly cured 38 days. cholesterol. X-ray. Cured 35 days. 
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Fig. 7. Case 49. Treatment. Irradiated chole- Fig. 8. Case 47. Normal child. 


sterol. X-ray. Nearly cured 36 days, 
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in No. 48 than No. 49. The improvement in the clinical condition of both 
these children was almost dramatic after a few days’ treatment. It is notice- 
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able that in case 48 the phosphorus curve crossed the calcium curve before 
the 10th day and rose to a great height before settling down. At this period 
very loose stools occurred and the quantity of irradiated cholesterol ad- 
ministered had to be reduced. This is interesting in view of recent work 
pointing to the ill-effects produced by over-dosage with vitamins in concen- 
trated form. Towards the 18th day the phosphorus curve crossed the calcium 
curve again, then fell and remained consistently low as complete cure was 
established. 

In case 49 the phosphorus values were low throughout and the child made 
excellent progress till cured. The py values were all below 7 in case 48 and 
nearly all below 7 in case 49, and can be fairly well correlated with calcium 
values but not with those for phosphorus. 

Fig. 8 (case 47, normal child) shows variations in both calcium and phos- 
phorus but no crossing of the calcium curve by the phosphorus curve, both 
curves rising and falling fairly well together and with a certain amount of 
correlation with the py curve. 


SUMMARY. 


The results suggest a certain degree of correlation between py and the 
percentage of calcium in the faeces of rachitic children. 

The best clinical results were obtained by the use of irradiated cholesterol 
and it is noteworthy that py, values were practically all below 7, which may 
indicate some confirmation of the work of Zucker and Matzner [1924], and 
of Bacharach and Jephcott [1926], on rachitic rats in which it was shown 
that when healing occurred the reaction of the faeces became acid and 
remained so. On the other hand, the cases in question (Nos. 48 and 49) were 
on a diet from which the mince and chicken, given to the rest of the children, 
were excluded and the py of the faeces may have been influenced thereby. 

Of other cases, healing appeared to be more rapid when the percentage of 
phosphorus was consistently low, e.g. No. 36 on cod-liver oil and mercury 
vapour lamp treatment, and No. 44 on “radio-malt.” In the former case 
the py, was less than 7 on all occasions but one. 


I wish to express my gratitude to Col. Macdiarmid (Medical Superin- 
tendent) and to the Staff of Alder Hey Hospital for all their help during many 
months of work on cases under their care, to Prof. Heilbron and Dr Kamm 
of the University of Liverpool for the preparation of many batches of irra- 
diated cholesterol and ergosterol and to Prof. Beattie, Liverpool University, 
in whose department the work was carried out during the tenure of the Virol 
Research Scholarship in Clinical Pathology. 
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PART II. THE SPECIFICITY OF VITAMIN D IN 
IRRADIATED ERGOSTEROL POISONING. 


PART III. THE PATHOLOGY OF HYPERVITAMINOSIS D. 


By LESLIE JULIUS HARRIS anp THOMAS MOORE. 
From the Nutritional Laboratory, Cambridge. 
(Report to the Medical Research Council.) 


(Received February 28th, 1929.) 


Part II. THE SPECIFICITY OF VITAMIN D IN 
IRRADIATED ERGOSTEROL POISONING. 


In the course of earlier papers Harris and Moore [1928, 1, 2] confirmed the 
toxic action of irradiated ergosterol in excess and concluded that “a weight 
of evidence pointed to the toxic action of excess of vitamin D per se.” Recently 
it has been suggested, however, that the poisonous effects are not due to the 
vitamin, but are confined to certain preparations in which poisonous by- 
products have been allowed to develop. While we have not wished to deny 
the possibility of such additional toxic by-products we continue in our belief 
that vitamin D is the main and essential toxic ingredient present in irradiated 
ergosterol. Additional evidence in support of this conclusion is described in 
this communication. 

Doubts have been raised on several occasions as to the reality of the 
parallelism between vitamin content and toxicity. Thus after we had com- 
pleted in June, 1928, a series of observations upon solid irradiated ergosterol, 
prepared by activation in alcoholic solutions, it was suggested to us by Messrs 
British Drug Houses, Ltd., who had kindly supplied the specimen, that 
toxicity was peculiar to samples which had been prepared in this way. 
Experiments in their laboratories had in fact independently confirmed the 
toxic action of ergosterol when irradiated in alcohol, but toxic effects had 
never been observed in ergosterol activated by the routine method employed 
for “radiostol,” a commercial preparation manufactured without the use of 
alcohol. In the same direction Dixon and Hoyle report [1928] that using 
ergosterol irradiated in oil by Messrs British Drug Houses, Ltd., they had 
been unable to confirm the alleged toxicity of irradiated ergosterol (“ vigantol’’) 
as described by Kreitmair and Moll [1928]. In their conclusions they throw 
doubt on the assumption of hypervitaminosis, suggest instead that some 
independent toxic factor must have been present in the alleged toxic specimen 
of irradiated ergosterol, and aver that there is “evidence to show that when 
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irradiated in alcohol the product is toxic.”’ Recently statements have appeared 
in the medical press that “‘radiostol”’ is irradiated in such a way as to give 
freedom from toxic by-products. 

As a result of experiments with medicinal “radiostol,” however, we have 
been able to demonstrate that such toxic properties are by no means restricted 
to samples of ergosterol activated by the alcohol method. Weight for weight, 
in fact, the irradiated ergosterol of ‘“‘radiostol” has been found to be as 
poisonous in excess as the solid product used in our first experiment. We can 
only suppose that in previous experiments in feeding excess of these sources 
an insufficient allowance of the preparation was administered, or that ad- 
ministration was not continued over a sufficient period to allow the develop- 
ment of the more severe symptoms of hypervitaminosis. 


EXPERIMENTAL. 


1. Non-toxicity of irradiated ergosterol in which vitamin D has been 
destroyed by prolonged over-irradiation. 


The result of this test was alluded to in our earlier paper, but experi- 
mental details have not yet been given. 

The over-irradiated ergosterol was prepared from the same specimen of 
irradiated ergosterol that was fed to a control group of animals, and proved 
toxic to them. It was exposed in a thin film in a porcelain dish for 24 hours 
at a distance of 30 cm.! 

Three groups of rats were taken weighing about 90 g., and from one litter. 
The same basal diet was fed to all animals, but supplemented in the case of 
the first group with non-irradiated ergosterol, in that of the second group 
with the irradiated? ergosterol, and in the third with over-irradiated ergo- 
sterol, at the same concentration in each case, 0-1 % (7.e. 10 mg. of ergosterol 
in a 10g. daily ration). The basal diet was the same as that previously 
described [Harris and Moore, 1928, 2, p. 1463], and all animals in each group 
received in addition 0-75 cc. of marmite and 2 drops of cod-liver oil per diem. 

Those animals receiving irradiated ergosterol lost weight rapidly, and 
showed the symptoms previously described, including loss of appetite, marked 
cachexia, and a 20 °% diminution in heart rate, and died after 20 to 34 days: 
post mortem examination showed the symptoms typical of hypervitaminosis D 
to be described later, notably enormous deposits of calcium salts in various 
sites in the body. Those having over-irradiated ergosterol, on the other hand, 
were after 35 days growing at the same rate as the normal controls receiving 
non-irradiated ergosterol; there were no signs of ill-health, heart rates were 


1 The specimens of irradiated, over-irradiated, and non-irradiated ergosterol were assayed 
for their vitamin D activities (by examination of rib junctions and by X-ray pictures of the 
long bones) and it was shown that the* over-irradiated ergosterol had been reduced to at least 
1/1000 of the original activity of the irradiated ergosterol. 

* Irradiated by the method previously described [Harris and Moore, 1928, 2]. 
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normal, and on being killed and autopsied no abnormalities, macroscopic of 


microscopic, were seen. 
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Fig. 1. Loss of toxicity on destruction of vitamin D by over-irradiation. 


2. Comparison of toxicity of oil-irradiated ergosterol (‘‘radiostol’’) with 
p y g 
alcohol-irradiated ergosterol. 


Rats of about 40 g. from one litter were divided into three groups. One 
group was given a diet containing 0-025 % of alcohol-irradiated ergosterol. 
The second group was given a similar diet containing approximately the same 
number of units of vitamin D, but in this case provided in the form of 
“radiostol”’ (oil-irradiated). The third group served as normal controls receiving 
basal diets of the same percentage composition but from which the ergosterol 
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only was omitted. (All three diets contained: purified caseinogen 20 %, rice 
starch 55 %, salt mixture 5%, and fat 20 %, the last ingredient being in 
the case of the controls plain arachis oil, in the case of the alcohol-irradiated 
ergosterol group arachis oil containing 0-125 °% of accurately assayed ergo- 
sterol, and in the case of the “radiostol” group “‘radiostol” itself. All diets 
were supplemented with marmite, 0-75 cc., and cod-liver oil, 2 drops per animal 
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Fig. 2. Comparison of toxicity of oil- and alcohol-irradiated specimens of ergosterol. 
Alcohol-irradiated ergosterol (0-025 %). 

== “Radiostol”’ (oil-irradiated) at same vitamin D level. 

— Controls without excessive vitamin D. 





Average daily food intakes: alcohol-irradiated, 5, 5, 5 g. (moist weight); oil-irradiated, 
5, 5, 5 g. (moist weight); controls, 6-12 g., increasing during expt. 


The results showed that there was a remarkable identity in the degree 
of toxicity of the irradiated ergosterol at a given level of intake, irrespective 
of the form in which it was administered, either as “radiostol” or “solid” 
(alcohol-irradiated) ergosterol. The close parallelism of weight curves is note- 
worthy (see Fig. 2); it was impossible to distinguish one group of animals 
from the other by appearance, and both showed similar but slight changes 
in heart rate, much less marked in this case, of course, than when ergosterol 
was given at four times the concentration, as for example in Exp. 1 above 
(Fig. 1). Death occurred after the same lapse of time with “radiostol” as 
with alcohol-irradiated ergosterol. Post mortem both groups were found to 
be very emaciated, there was diminution in size of spleen, atrophy of thymus, 
and great deposits of calcium in kidneys, aorta, heart musculature and other 
sites including calculi in bladder in several instances. No abnormalities could 


be detected in the control “arachis oil” group. 
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3. Ergosterol irradiated in absence of solvent. 


Through the kindness of Prof. J. C. Drummond we were fortunate in 
being provided with a specimen of ergosterol of more than average purity. 
This we irradiated in a thin film in an atmosphere of nitrogen in a quartz 
flask for 240 mins. at a distance of 20 cm. from a mercury-vapour lamp. The 
ergosterol thus irradiated was then incorporated in the “synthetic” diet 
previously described (at 0-1 % level) and fed to a pair of rats weighing 40 g. 
In spite of the fact that our procedure in the absence of any solvent was 
probably inadequate to produce maximal antirachitic activity—insufficient 
material being available in this instance for an exact assay—the animals 
resuming growth at almost normal rate after 14 days; nevertheless, when they 
were killed after 28 days histological examination by Mr J. R. M. Innes re- 
vealed the typical extensive calcium deposits in kidney, aorta, etc. referred 
to above. 


DIscussIon. 


The reality of hypervitaminosis D. 


The above chemical evidence is uniformly in favour of our belief that 
vitamin D per se is toxic when administered in large excess. We have shown 
that toxicity is developed in ergosterol by irradiation, but that it is destroyed 
with the vitamin by prolonged over-irradiation. Toxicity is absent again 
from ergosterol resinised in such a way as to cause no formation of vitamin D, 
although such treatment might be expected to produce impurities similar to 
the by-products of irradiation [Harris and Moore, 1928, 2]. It would be a 
remarkable coincidence to find that the hypothetical toxic by-product 
followed the presence of vitamin D so closely and so invariably as this. 

By proving the toxicity of preparations obtained by irradiation in oil, the 
supposed confinement of toxicity to “alcohol-irradiated”’ samples is definitely 
ruled out. Toxicity has been found to run parallel with vitamin D content 
no matter what mode of preparation has been adopted. Moreover, this toxicity 
is made manifest in the same ill-effects and in the same post mortem findings 
which in themselves are very suggestive. 

The possibility of additional toxic substances being present in certain 
samples of irradiated ergosterol, however, obviously cannot be excluded. 

It has been stated by Underhill [1928] that by using ergosterol irradiated 
in a non-volatile solvent results were obtained which confirmed our own with 
alcohol-irradiated ergosterol. Nevertheless he considers the deleterious effects 
to be not entirely due to vitamin D itself, since ergosterol irradiated under 
different conditions “and subjected to further manipulation may have much 
greater deleterious results.” It is impossible to deny the existence of such 
hypothetical toxic by-products but we consider that the above chemical 
evidence considered in conjunction with evidence of the marked disturbances 
in calcium and phosphorus metabolism which are the foremost characteristic of 
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Fig. 3. Toxicity of irradiated ergosterol at different vitamin D levels. (See Part ITI.) 
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irradiated ergosterol poisoning (see Part III) amply justify our belief that the 
conditions described constitute a genuine state of hypervitaminosis D. 

In Part III possible reasons are considered for the failure of several in- 
vestigators to obtain symptoms of hypervitaminosis. 


Part III. THe PATHOLOGY OF HYPERVITAMINOSIS D. 

As to the pathology associated with excessive vitamin D intake, two 
opposing conclusions have so far been put forward. 

On the one side, Pfannenstiel [1927] had found that rapid loss of weight 
and death were caused in his experimental animals, and Kreitmair and Moll 
[1928] in confirming this described the presence of massive deposits of calcium 
in many sites in the body (in the blood-vessels, heart musculature, kidneys, 
lungs and other organs). 

On the other side, Dixon and Hoyle [1928], who failed to confirm the 
German work and were led to throw doubt on the assumption of hypervita- 
minosis, found no definite symptoms (except occasional haematuria) and when 
the animal was killed for post mortem examination they found in the organs 
neither pathological changes in the microscopical sections nor deposits of 
calcium, nor pathological lesions—except those associated with urinary calculi, 
which were found in every case (except one) at the highest level of vitamin D 
feeding}. 

Our own experimental animals, on all of the various high vitamin D diets 
already described, have at post mortem examination invariably shown the 
condition described by Kreitmair and Moll. Urinary calculi have frequently 
been evident as well. Several new aspects of hypervitaminosis have also come 
to light, and we have been surprised to note the remarkably rapid cures, 
with considerable disappearance of calcium deposits, which occurred when 
the excessive vitamin D was withdrawn from the diet. 


EXPERIMENTAL. 


(1) pp of faeces. 

On certain diets the absence of vitamin D is known to cause an increased 
alkalinity of the faeces, and when the vitamin is again given the faeces revert, 
temporarily at least, to a more acid reaction [Zucker and Matzner, 1923; 
Jephcott and Bacharach, 1926; Redman, Willimott and Wokes, 1927; Yoder, 
1927; Grayzel and Miller, 1928]. Moreover artificial acidification of the 
contents of the gut [Irving and Ferguson, 1925], or the addition of acid to 
the food [Zucker et al., 1922] can alleviate the effects of vitamin D deficiency 
(i.e. low blood-Ca or -P or both). Since, then, vitamin D deficiency tends to 
result in diminished acidity of faeces, it seemed of interest to determine 
whether under some circumstances vitamin D excess might be accompanied 


1 Kreitmair and Moll had also found that in hypervitaminosis the spleen shrank to a small 
fraction of its normal size: Dixon and Hoyle obtained, in one group of rats, 20 % diminution 


in weight only. 
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by an increased acidity, just as we have found in other ways too that the 
results of vitamin excess are in fact the opposite to those of vitamin deficiency, 
e.g. blood-phosphate [Harris and Stewart, 1929] or blood-calcium, or degree 
of calcification. 

The p, determinations were made in the usual manner [Jephcott and 
Bacharach, 1926] by Miss E. Alchorne and Mr A. L. Bacharach, to whom we 
are greatly indebted. When the basal diet used was in a sense an unpromising 
one for our purpose—viz. one on which the reverse change (from acid to 
alkaline on a vitamin D-deficient diet) is not readily, or at all, attained—no 
decisive increase in faecal acidity was obtained. It is true that we were 
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Fig. 4. py of faeces. Each curve is the average for three animals. Single line=excessive 
irradiated ergosterol (0-1 %). Double line=non-irradiated ergosterol. Normal Ca—P ratio 
in diet. 

No clear separation into two distinct p,, zones could be effected. Animals showed great 
fluctuation in faecal p,, from day to day. The mean py increased during the course of the 
experiment. (Out of a total of 15 daily sets of readings, the lowest py recorded was on 14 
occasions from an aniinal in the “‘excess vitamin” group, and the highest py recorded was 
on 1] occasions from an animal in the “‘non-irradiated”’ group.) 

successful in showing that there was some decrease in the average daily faecal 

Px of the animals receiving excessive irradiated ergosterol over the controls 

receiving excessive non-irradiated ergosterol, yet individual animals in the 

irradiated group not infrequently had a faecal p, just as high or even higher 
than individual animals in the non-irradiated group. 

Further work is in progress using a diet on which the change of reaction 
with absence of vitamin D occurs more readily (modified Pappenheimer, low 

P—high Ca) also with high P—low Ca diets. 


(2) Influence upon the heart beat. 


In the course of a separate electrocardiographic investigation, now in pro- 
gress in collaboration with Dr A. N. Drury, we have found that the production 
of hypervitaminosis is invariably accompanied by a progressive diminution 
in rate of heart beat. A fall of 20% or more was observed at the level of 
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0-1 % of irradiated ergosterol, but much less at 0-025 % (“‘radiostol” and 
alcohol-irradiated ergosterol). 


(3) Other symptoms. 


The remarkably rapid loss in weight (comparable with that in starvation), 
frequent diarrhoea, lowered food intake, and marked cachexia, greatly raised 
blood-phosphate [Harris and Stewart, 1929], and urine literally saturated 
with calcium salts, have been referred to elsewhere. 


(4) Post mortem findings. 


We are deeply indebted to Prof. J. B. Buxton and his staff for carrying 
out post mortem examinations. 

(a) Controls. Animals which were killed after receiving the various control 
diets, containing (1) non-irradiated ergosterol, (2) non-irradiated ergosterol 
resinised by heating, (3) over-irradiated ergosterol or (4) oily solvents alone, 
were well nourished and showed no abnormalities, macroscopically, or in 
microscopic section, except for the occasional presence in the kidney of 
separate minute calcareous spots, such as are not infrequently observed in 
the normal rat. 

(6) Irradiated ergosterol (“radtostol,” etc.). Closely concordant findings 
were obtained in all instances, and as a typical example, those resulting in 
cases of death from excessive “radiostol”’ may be cited?. 

(1) Macroscopic examination showed that the animal was very emaciated, 
with an entire lack of subcutaneous fat. 

Spleen. One-half normal size (with atrophy of Malpighian bodies), re- 
generating upon cure. 

Thymus. Atrophied and less than one-quarter normal size (in some cases 
it had practically disappeared), regenerating with cure. 

Bladder. Contained (e.g.) 5 calculi? as large as pins’ heads and gritty 
material®. 

Calcareous deposits. Tangible deposits, visible to the naked eye, in kidneys 
(which were beset with white areas), in heart-muscle (whitish bands), in 
pyloric end of stomach, aorta (walls thickened and sclerosed), colon, ete. 

This abundant calcification has been previously observed by Kreitmair 
and Moll, but the extensive changes in the thymus and the condition of the 
urine do not appear to have been previously noticed. 

(2) Microscopic examination. Specimens were cut in each experimental 
group from the heart, aorta, kidneys, stomach, duodenum, spleen, thymus, ete. 
Detailed histological findings are presented elsewhere, but the main con- 
clusions regarding calcification are typified in the case of animals on 0-025 % 
“radiostol,”’ alluded to above. 


1 Level of intake equivalent to 0-025 % of highly active solid irradiated ergosterol in the diet. 

2 Identified chemically. : 

3 In rabbits the urine in the bladder had become cloudy with excessive calcium salts, as 
shown chemically. 
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Aorta. Extensive calcification in the. tunica media, causing the elastic 
lamina to become separate and intima to be raised from underlying structure. 

Kidneys. Extensive areas of calcification in medulla, cortex and pelvis; 
and casts in the ducts of Bellini. 

Heart musculature. The small arteries of the muscle definitely thickened 
and calcified, in some cases forming a complete ring. Some of the bigger 
branches of coronary arteries show the whole arterial coat to be converted 
into one calcified mass obscuring all structural detail. 

Cartilaginous tissues. Calcification had occurred. 

Duodenum. Calcification in reticular tissues. 

Small intestine. Calcification in progress. 

The calcification of cartilage appears to have escaped notice hitherto. 


(5) Effects of age, and degree of vitamin excess. 

Age. In the first place, as might be anticipated, we find that there is 
always a tendency for an older animal to survive longer on any given vitamin 
excess than for a younger one. 

Table I. 


0-1 % irradiated ergosterol. 


Initial weight of animal, g. 40 49 50 51 53 64 86 100 =106 
Days elapsing before death 6 10 7 24 10 25 20 34 32 


Similarly, disturbances in levels of blood-phosphorus and -calcium appear 
to be less easily produced in the older animal [Harris and Stewart, 1929; 
Hess, Weinstock and Rivkin, 1928]. 

Degree of excess. More important are the effects of differences in the 
degrees of the excess of vitamin D fed. Now we find that irradiated ergosterol 
gives rise to definite hypervitaminosis at a level of 0-025 % of the diet no 
less than at 0-1°%. But at the latter concentration there occurs a remarkably 
rapid less of weight, at the rate of some 1 or 2g. per diem, which begins 
immediately, on the first day of the experiment. On the other hand, at the 
slightly lower coacentration of 0-025 % there is a cessation of growth but 
little or no loss of weight, and there is a considerable lengthening of the period 
which elapses before the animal finally succumbs to the hypervitaminosis, 
compared with that on the fourfold concentration (see Fig. 3, Part II). The 
post mortem findings differ somewhat in the two cases. The more prolonged 
hypervitaminosis (on the lower concentration of irradiated ergosterol) tends 
to result, it is found, in greater accumulation of calcareous deposits in the 
form of urinary calculi. When, however, death occurs more swiftly following 
rapid loss of weight (on the slightly higher concentration of irradiated ergo- 
sterol) calcium deposits may be seen as before as white bands or spotted 
areas in the heart muscle, kidney, colon, etc., but there appears to have 
been—not unnaturally—less opportunity for the growth of large calculi. 
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Discussion. 
Nature of hypervitaminosis. 


It would appear that there are two threshold values for vitamin D, a 
minimum and a maximum. Below the minimum, there result deficiencies in 
blood-phosphorus, or -calcium (or both), and a consequent deficient calcifica- 
tion: the primary factor is a diminished retention of these two elements. 
Above the maximum threshold value on the other hand, there result excessively 
high blood-phosphorus or -calcium (or both) and a consequent excessive calcifi- 
cation. To some extent, as we have seen, the blood-calcium in hypervitaminosis 
is prevented from reaching too high a level by increased precipitation of 
calcium deposits and by excretion. 

Several other aspects of hypervitaminosis are still quite siistice. As to 
the meaning of the atropic changes in the spleen and thymus there is as 
yet little evidence, but the reverse changes have been reported in rickets 
and we are examining the problem also in relation to the extirpation of 
these organs. The observed rapid fall in weight, with the suggestion of increased 
general metabolism, must also call for further enquiry, in the process of which 
we may reasonably expect some light to be thrown on the mode of action 
of vitamin D in the body. 


Comparison of divergent results of different workers. 

Our findings confirm those of Kreitmair and Moll [1928] that hypervita- 
minosis D is associated with gross disturbances in calcium metabolism. It 
remains to consider why other workers feeding large overdoses have failed 
to observe similar disturbances. 

In the experiments of Dixon and Hoyle [1928] — which had been 
irradiated in oil was administered to rats at levels of 1, 2, 11 and 17 mg. per 
diem without giving rise to the symptoms of hyperv inicentanaia described by 
Kreitmair and Moll. When the 17 mg. level was reached, however, they did 
observe urinary calculi in their experimental animals. Their results also show 
that, while at levels of 1, 2 and 11 mg. there was good growth rate, at 17 mg. 
growth was poor, in fact had practically ceased. It is interesting to speculate 
whether the toxic threshold of vitamin D dosage may not have just been 
reached, and whether had they increased the vitamin D activity yet further, 
another four times at least, definite symptoms of hypervitaminosis might not 
have appeared. In a similar way Rosenheim and Webster [1927], who men- 
tioned that they had found irradiated ergosterol to be harmless to a rat at 
10,000 times the minimum effective dose, had no doubt not quite reached 
that concentration of vitamin D which is definitely toxic—100,000 times the 
minimum effective dose was needed in our experiments to cause a rapid loss 
of weight. 

The absence of marked symptoms of hypervitaminosis in experiments on 
the human adult may probably be explained on similar grounds. By feeding 
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irradiated ergosterol at a dosage of 8 mg. for 21 days Havard and Hoyle 
[1928] observed neither injurious effects nor any change in blood-inorganic 
phosphorus or blood-serum. Although Kroetz [1927] reported that by feeding 
18-30 mg. of the material great changes in mineral balance! were induced, 
he also found that such doses were apparently harmless. One is tempted to 
think that if it were possible for a still larger quantity to be taken, and over 
a sufficiently prolonged period, some rise in calcium or phosphorus must ensue. 
In the adult rabbit we find that the first rise in blood-phosphorus on the 
toxic dose of 10 mg. per day may not occur until after a fortnight [Harris 
and Stewart, 1929]. Calculating on the admittedly rough basis of relative 
body weights? from the lethal dose for the rat (1-10 mg.) and for the guinea-pig 
(about 40 mg.) the equivalent for a human of 10 stone would be some 10 g. 
per diem, and it may well be that the amounts consumed by these investi- 
gators were insufficient to cause any definite rise, particularly when one recalls 
that the adult is less susceptible to these changes than the young animal. 

Since Part I was published, confirmation of the phenomenon of hyper- 
vitaminosis D has appeared in the independent work of Collazo, Rubino and 
Varela [1929], who name the condition “vitaminismus.” We also learn 
privately of confirmatory evidence obtained in other laboratories. 


SUMMARY. 


Part II. 

1. Evidence is presented in support of the belief that excessive vitamin D 
per se induces a condition of specific hypervitaminosis, apart from possible 
separate (but undemonstrated) ill-effects due to poisonous by-products, if any. 

2. “Radiostol” (activated in oil) and irradiated ergosterol (activated in 
alcohol) when fed at the same vitamin D levels produced hypervitaminosis of 
the same degree of severity. Ergosterol irradiated in absence of any solvent 
also produced specific ill-effects. 

3. Fuller details are given of tests showing that the toxicity of irradiated 
ergosterol disappears concurrently with the destruction of its vitamin D by 
over-irradiation, and that non-irradiated ergosterol and ergosterol which has 
been resinised without the production of vitamin D are both non-toxic. 


Part III. 

4. Post mortem examination after death from hypervitaminosis D showed 
not only enormous deposits of calcium in the heart musculature, kidneys, 
and other organs as noted by Kreitmair and Moll, but often in addition the 
presence of urinary calculi, which were reported in the conflicting result of 


1 The renal excretion of P, Cl and water was found to be much increased, together with a 
lowering of blood-P and some acidosis. The effect is certainly surprising since it is the opposite 
of that produced by administration of vitamin D to the rachitic infant. 

2 The lethal dose varies appreciably from one species to another. 
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Dixon and Hoyle to occur in the absence of any such generalised hyper- 
vitaminosis. 

5. Features of experimental hypervitaminosis in rats and rabbits, now 
observed for the first time, include—in addition to a remarkably high blood- 
phosphate—a tendency towards diminished p,, of faeces, diminished heart 
rate and at death atrophy of the thymus. 

6. It would appear that there are low and high threshold values for 
vitamin D, below and above which there are caused deficient and excessive 
values respectively of blood-phosphorus and/or blood-calcium and resulting 
calcification. Atrophy of the thymus and spleen may be contrasted with the 
enlargement or hypertrophy often seen in clinical rickets. 


The feeding of the experimental animals has been carefully attended to 
by Mr A. Ward. 
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INTRODUCTION. 


In a previous paper on this subject [Drummond, Channon and Coward, 1925], 
the claim of Takahashi and his colleagues [1922, 1923, 1925] to have isolated 
vitamin A from cod-liver oil was criticised. It was shown that the fraction 
to which they gave the name “biosterin’’ was probably a complex mixture 
containing, in addition to the vitamin, unidentified unsaturated alcohols and 
possibly hydrocarbons of the squalene type. The investigation we are now 
reporting represents an extension of our earlier work, and the results provide 
conclusive proof that “biosterin”’ consists to a very large extent of substances 
other than vitamin A. 

The earlier experience in this laboratory led us to believe that the con- 
siderable difficulties encountered in separating the constituents of the un- 
saponifiable fraction of cod-liver oil might to some extent be lessened if a 
much larger amount of material were available for fractionation than had 
formerly been employed. Accordingly plans were made for preparing the 
unsaponifiable fraction from a very large quantity of cod-liver oil. Through 
the generosity of Mr R. B. Job and Mr W. A. Munn of St Johns, Newfoundland, 
we were provided with 125 gallons of a high quality medicinal cod-liver oil. 
Actually the hopes based on the possession of the large amount of unsaponi- 
fiable material from this oil were not realised, for peculiar difficulties en- 
countered in its examination made it advisable to change the line of attack. 

It was decided to make a comparative study of the vitamin fractions from 
several different sources in order to ascertain whether a correlation between 
the vitamin content and any chemical characteristic could be traced. For 
this part of the investigation four materials were selected, namely, the un- 
saponifiable fractions from (a) cod-liver oil, (b) sheep-liver fat, (c) Greenland 
shark-liver oil, (d) Japanese shark-liver oil. 

Although we have failed by this means to throw any clear light on the 
chemical nature of vitamin A, we believe we have established that the active 
substance is present in liver-oil concentrates in amounts so minute that 
direct attempts at its isolation by the ordinary chemical methods are of 
little use. 
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EXPERIMENTAL. 


A. Cod-liver oil. 


A large quantity of medicinal cod-liver oil from Newfoundland was 
saponified on a semi-technical scale in the laboratories of the British Drug 
Houses. We are greatly indebted to Mr F. H. Carr for his advice and assistance 
in carrying out this part of the work. The product yielded by this treatment 
was re-saponified in our laboratory with alcoholic KOH, and the extracted 
unsaponifiable fraction was again hydrolysed, this time with sodium ethoxide. 
All these operations were carried out with special precautions against oxida- 
tion. 

The yield was about 0-7 % of the oil, and the product was a clean orange- 
coloured crystalline wax. The vitamin A colour value! was 13-3. 

As in previous work, the first step was to remove the greater part of the 
cholesterol by crystallisation from methyl alcohol or light petroleum. In this 
manner several hundred grams of a dark red oil (I) with the following pro- 
perties were obtained: 


Cholesterol content ... a a 13-35 % 


Refractive index n> er ie ais 1-5022 
Iodine value? ... ae Mag sey ME 
Vitamin A colour value = aaa 20 


Our previous studies had led us to believe that this material contains in 
addition to cholesterol a number of unsaturated alcohols which might possibly 
be separated by the preparation of suitable derivatives. Weidemann [1926] 
attempted to separate the alcohols present in the corresponding fraction of 
Greenland shark-liver oil by means of the phthalates, but the record of his 
experience did not encourage us. 

After a considerable amount of exploratory work along these lines we 
concluded that it would prove a matter of very great difficulty to effect any 
sort of separation of the constituents of the vitamin fraction of cod-liver oil 
by this means. No satisfactory crystalline derivatives were obtained, even 


1 Vitamin A colour values. It is not easy to find a satisfactory manner in which to express 
the relative powers of concentrates to yield the blue colour reaction of Rosenheim and Drummond. 
The most satisfactory estimations of the colour produced by arsenic or antimony trichloride 
under the conditions described by Carr and Price [1926] are made between 5 and 10 blue units. 
Throughout this paper the colour values of concentrates are expressed in the form of the re- 
ciprocal of the percentage concentration in grams which gives 10 blue units when 0-2 cc. of the 
chloroform solution is treated with 2 cc. of a 30 % solution of antimony trichloride in chloroform, 
and the colour measured after 30 seconds in a tube of 1 cm. diameter. We have relied almost 
entirely on the colour reaction for detecting and estimating vitamin A throughout this study. 
In an investigation which is shortly to be reported we have submitted the colour test to a further 
critical examination, and, as a result, believe it to be a more accurate method of estimating 
vitamin A than the biological method. 

* The majority of the iodine values given in this paper were determined by using the method 
of Dam [1924]. 


18—2 
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when the substituted bromo- and nitro-phthalates were prepared, and finally 
we abandoned this line of attack. 

There remained the possibility that with the larger amounts of material 
at our disposal a more satisfactory separation by distillation in high vacuum 
might be obtained. In some respects the distillations reported in the earlier 
work were unsatisfactory. In the first place they were conducted at relatively 
high pressures (1 to 2 mm.), and secondly, although it was shown by colour 
reaction and by feeding test that vitamin A had survived the process, no very 
clear evidence was obtained as to the amount of loss that had occurred. 
This was due to the unreliability of the biological test as a quantitative 
measure of vitamin A, and to the fact that the colour reaction was at that 
time (1924-5) carried out with sulphuric acid, and was therefore quite un- 
suitable for quantitative assay. 

In view of the great expense we could not in the present study entertain 
the idea of removing completely by precipitation with digitonin the cholesterol] 
present in our raw material, and an attempt was made to distil it without 
this treatment. This was done with some reluctance as we had always found 
more decomposition to occur when fractions were distilled without removal 
of the precipitable sterol. 

The distillation was carried out in an apparatus so designed that it could 
be filled or swept through rapidly with a current of purified nitrogen. Nitrogen 
for this purpose was “scrubbed” satisfactorily by allowing the gas to escape 
from the cylinder through a fine-pored filter candle immersed in an alkaline 
solution of sodium hydrosulphite. It emerges in the form of a cloud of very 
small bubbles which do not coalesce, and a very satisfactory removal of the 
traces of oxygen which are normally present in cylinder nitrogen is attained, 
particularly if the column of hydrosulphite is high, and the gas is stored 
for a few hours in contact with the solution before use. The surfaces of the 
hydrosulphite in the washing vessel and the reservoir are protected by a layer 
of liquid paraffin. 

The side arm of the distillation flask was fitted with a coil of nichrome 
wire, both inside and outside the receiver, so that electrical heating could be 
applied if there was any tendency for the distillate to thicken or solidify. 

The maintenance of low pressures was assisted by having in the system 
a silica tube of adsorbent charcoal cooled in liquid air. 


Distillation of red oil (1) from unsaponifiable matter of 
cod-liver oil. 


As a preliminary experiment, 44 g. were distilled under what were re- 
garded as satisfactory conditions, namely, uniformly low pressure of 0-01 mm. 
and a relatively small temperature difference (20-25°) between the metal- 
bath and the point of distillation. The course of the distillation is represented 
by curve A in Fig. 1, p. 288. It is unsatisfactory in that there is not much 
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evidence of fractionation. Either the material was a very complex mixture 
or decomposition had occurred. 
The following fractions were, however, taken: 


Chole- 
Fraction Weight Iodine sterol oj +«=«-: Vitamin 
No. g. Appearance Temp. value % nso 546, value 
1 3-0 Pale brown liquid 80°-170° 119 0-0 14813 +08 0-14 
2 1-7 Clear brown liquid, 170°-190° 115 2-12 1-4857 +05 0-86 
few crystals 
3 4:8 Clear brown liquid 190°-222° 134 2-83 14872 -02 2-0 
4 9-3 9 222°-245° 176 10-80 1-4886 -2-7 0-5 
5 6-8 Opaque brown semi- 245°-260° 176 20-65 1-4935 -6-95 0-22 
solid fat 


The original material had a vitamin value of 20. If the recovery of vitamin 
be calculated from the weights of the fractions and their respective vitamin 
values it will be seen that it is as low as 2%. Towards the end of the dis- 
tillation the temperature was tending to rise rather rapidly, and signs of some 
decomposition were evident. A relatively large proportion of undistilled 
material (18 g.) remained behind in the flask in the form of a dark brown tar, 
which had an iodine value of 137, and contained 19-9 °% of cholesterol. 

All the fractions possessed the pungent terpene-like odour which suggested 
that decomposition had occurred. In our previous work [Drummond, Channon 
and Coward, 1925], we noticed that this odour was less pronounced when 
material was distilled after complete removal of the sterol. The estimations 
of cholesterol in the above fractions did not suggest that cholesterol itself 
decomposed, as the recovery was practically quantitative. 

In spite of the very large loss of vitamin an attempt was made to study 
the material further. In view of the fact that no apparent separation had 
been effected by the distillation, the fractions that gave the best colour 
reactions (2, 3 and 4) were combined for further examination. 

Some of this mixture was treated with digitonin to remove the precipitable 
sterol. It yielded a dark reddish brown oil with an iodine value of 138. As 
no crystalline products or derivatives could be isolated from it, an attempt 
was made to reduce it with hydrogen in the presence of a suitable catalyst 
in the hope that solid material would result. The oil proved very resistant to 
hydrogenation at room temperature when using as catalyst platinum pre- 
pared by the method of Feulgen [1921]. The hydrogen was absorbed very 
slowly, and it was found necessary to renew the catalyst several times. The 
hydrogenated product was a pale, brown-coloured, semi-solid fat possessing 
an iodine value of 48, and containing a small amount of glistening crystalline 
material. The solid portion was separated and recrystallised from methyl 
alcohol. It separated in the form of shimmering plates. Insufficient was 
obtained for satisfactory purification, but the best preparation melted at 
54-56°. No other crystalline substance was isolated from the hydrogenated 
material. The colour reaction for vitamin A was not given by the reduced 


fraction. 
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The smoothly ascending distillation curve obtained in the distillation of 
the cod-liver oil unsaponifiable fractions, together with the unexpectedly 
great loss of vitamin A, led us to believe that more general decomposition 
had occurred during the heating than we had imagined. It was possible that 
decomposition products were responsible for the apparently rapid poisoning 
of the catalyst, and for the consequent slow uptake of hydrogen by the dis- 
tilled fractions. 

Accordingly, an attempt was made to reduce some of the undistilled red 
oil (I) after removing the sterol precipitable by digitonin. This material 
proved, however, to be equally resistant to reduction by hydrogen in the 
presence of platinum. In one experiment 10 g. dissolved in 200 cc. of absolute 
alcohol were treated with hydrogen in the presence of 0-1 g. of platinum. 
Hydrogen was admitted at a pressure of about an atmosphere and a half, 
and the reaction vessel rapidly shaken. The uptake of hydrogen was very 
slow, and several additions of fresh catalyst had to be made at intervals. 
Finally some 200 ce. of hydrogen were absorbed (calculated uptake 1220 cc.). 
From the reaction mixture 9-8 g. of a clear yellow oil were separated. On 
standing it deposited a crystalline material which was removed and re- 
crystallised from methyl alcohol. Several fractions of this product, amounting 
in all to 0-17 g., were finally obtained in the form of white glistening plates. 
It melted at 67-69°, and appeared to be an incompletely purified hydrocarbon: 


0-0176 g. gave 0-0544 g. CO, and 0-0330 g. H,0. 
Found: C, 84-28 %; H, 14:53 %. 


The mother liquors from the crystalline hydrocarbon gave 8-9 g. of a 
clear red oil (II) with an iodine value of 118 and giving a fairly strong colour 
reaction for vitamin A. As no further crystalline material separated from 
this fraction after treatment with solvents it was distilled at 0-04 mm. Two 
fractions were obtained: (a) 2-05g. boiling between 189-220°, 1.v. 96, 
(b) 5-20 g. boiling between 220-270°, 1.v. 138. Attempts were made to reduce 
these fractions more completely, as it was obvious that the original material 
had been very incompletely reduced, but they were unsuccessful, and only 
yielded small amounts of a product apparently identical with the impure 
hydrocarbon described above. 

Our experience in carrying out the hydrogenation of the active fractions 
of cod-liver oil appears to have been in some respects similar to that of 
Nakamiya and Kawakami [1927]. The Japanese investigators found difficulty 
in carrying out a complete reduction when using palladium catalyst and 
temperatures up to 60°. From their treated products they isolated only small 
amounts of crystalline substances, accounting in all for some 5-10 %, of the 
original “biosterin.” The identification of some of their crystalline products 
is wholly unsatisfactory, but they claim to have detected nonocosane, baty] 
alcohol, melissy] alcohol and octadecy] palmitate. It is difficult to understand 
the presence of the latter substance in a material that is supposed to have 
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been completely saponified. The liquid fraction of their hydrogenated material 
was also a light brown oil, which did not solidify even at — 75°. 

Further attempts to carry out a more satisfactory separation of the 
vitamin fraction by careful distillations were made. The great loss of vitamin A 
which we observed seemed to be in part caused by the incomplete removal 
of cholesterol and other sterols precipitated by digitonin. In the earlier 
studies [Drummond, Channon and Coward, 1925] material treated by digitonin 
was used, and the loss of vitamin was certainly much less, although we have 
no quantitative measure of the proportions. We could not afford to use 
digitonin on the scale necessary to treat large amounts of the red oil (I) 
from the unsaponifiable matter of cod-liver oil, and all efforts to distil it 
without such treatment were unsuccessful in that however ¢arefully the 
distillation was conducted there was always a serious loss of the active sub- 
stance and, we believe, considerable general decomposition. The failure of 
these efforts, which occupied many months, to separate the constituents of 
the unsaponifiable matter from cod-liver oil by distillation, or to isolate appre- 
ciable amounts of crystalline substances after reduction, led us to turn our 
attention to other rich sources of vitamin A. 

Before describing this extension of the work, attention may be directed 
to a minor point of interest which arose during the cod-liver oil studies. 


Presence of squalene in cod-liver oil. 


In the earlier study by Drummond, Channon and Coward [1925] the 
presence in cod-liver oil of a hydrocarbon closely resembling squalene was 
described. On the basis of the yield of the crystalline hexahydrochloride and 
the octodecabromide it was estimated that the unsaponifiable fraction of the 
cod-liver oil used in that investigation—a Newfoundland medicinal oil— 
contained approximately 8 % of squalene. 

During a study of the distribution of squalene in a large number of marine 
species, Channon [1928] failed to detect this hydrocarbon in the material 
extracted from authentic cod-livers or the livers of other Teleostex. He sug- 
gested that the presence of squalene in commercial cod-liver oils might be 
due to admixture with liver oils from fish other than gadoids. A similar view 
had been advanced by Nakamiya and Kawakami [1927] who failed to detect 
squalene in their “biosterin”’ fractions. During the past year we have been 
able to examine a number of cod-liver oils of unquestioned purity from various 
sources, and have in every case detected the presence of small amounts of 
squalene, or a similar substance, by the formation of the characteristic 
hexahydrochloride. In all cases the test was carried out by carefully pre- 
paring the unsaponifiable fraction and removing the greater part of the 
cholesterol by freezing out from dry methyl alcohol. After removal of the 
solvent the residue was dissolved in dry acetone and saturated with dry 
hydrochloric acid. If a crystalline precipitate was formed it was filtered off 
and washed well with dry ether to remove cholesterol hydrochloride. The 
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insoluble portion was recrystallised from dry acetone. The following results 


were obtained: 
Hydrochloride 


Unsaponifiable - HV" 

Oil % mg. per 100 g. oil M.P. 
Norwegian. Spring 1928 0-66 12 123° 
Aberdeen. i 1928 0-68 2-9 126° 
Moray Firth. > 1928 0-65 8-0 126° 
Newfoundland. Summer 1927 0-67 3°5 126° 
- 1928 0-67 3-2 125° 
North Sea. ig 1928 0-80 8-3 122° 


These figures seem to establish that small amounts of squalene or a very 
similar hydrocarbon do occur in pure cod-liver oil. 

The high iodine values of fractions 4 and 5 obtained in the distillation of 
the red oil (I) described above appeared to be due to the presence of this 
hydrocarbon, as comparatively large amounts of the characteristic hexahydro- 
chlorides were isolated. From 1 g. of fraction 4 there was obtained a yield 
of 156 mg. of the hydrochloride, whereas the same amount of fraction 5 gave 
218 mg. This product on recrystallisation showed a melting point of 126° 
and contained 33-7 °% of chlorine (calculated for squalene hexahydrochloride 
33-86 %/). 

B. Sheep-liver fat. 


The unsaponifiable matter was prepared from a concentrate placed at our 
disposal by Mr F. H. Carr, by one treatment with alcoholic KOH and one 
with sodium ethoxide. Jt was a dark reddish brown, rather hard wax with 
a vitamin value of 20 and containing 35 % of cholesterol. The greater part of 
this constituent was removed by crystallisation from methyl alcohol, and a 
residual dark red oil (III) was obtained with an iodine value of 171 and a 
vitamin value of 35. A portion of this oil was distilled at a pressure of 
0-012 mm. The distillation was very satisfactory as regards temperature 
control, and there were no apparent signs of decomposition. Nevertheless, a 
steep distillation curve (Curve B, Fig. 1) was obtained indicating that 
the mixture was either a very complex one or that decomposition had 
occurred. 

The following fractions were, however, collected: 


Fraction Wt. Todine Vitamin 
No. g. Appearance Temp. value n40 value 
1 2-7 Clear brown-yellow liquid 177°-190° 113 1-4861 6-7 
2 2-0 Opaque brown liquid 190°-220° 149 1-4876 15-3 
3 0-5 Semi-solid yellow mass 220°-230° 171 1-5043 8-3 
4 2-8 Hard yellow wax 230°-260° 125 1-5089 3-7 
5 2-7 Brownish yellow wax 260°-280° 138 1-5178 0-5 


Of the original 16 g. of oil distilled only 10-7 g. were recovered in the fractions, 
and the residue in the flask was a thick black tar smelling strongly as if 
decomposition had occurred. Evidence of decomposition was also given by 
the very strong terpene-like smell of the distilled fractions. 
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Although some of the fractions showed fairly strong colour reactions it 
was apparent that the loss of vitamin A had been considerable from a calcu- 
lation of the recovery (11 %) of chromogenic substance. Fractions 4 and 5 
were combined and recrystallised from methyl alcohol. Nearly 1 g. of chole- 
sterol was separated. The mother-liquors gave a deep red coloured oil (IV) 
from which no further crystalline material was obtained on treatment with 
various solvents. Fractions 1 and 2 were also combined and a small amount 
of cholesterol removed by precipitation with digitonin. The residual red oil (V) 
had an iodine value of 125, and was treated with hydrogen in the presence 
of palladium catalyst. It proved as resistant to reduction as the similar 
fractions from cod-liver oil, and after a long period in contact with the gas, 
and after several renewals of the catalyst, the iodine value had ‘only fallen 
to 55. 

It seemed possible that some of the difficulties encountered in the examina- 
tion of this material might be due to the presence of the curious hydrocarbon 
found by Channon and Marrian [1926] in the liver fats of certain mammals. 
In order to test this possibility a small quantity of the fraction was tested by 
saturating the dry acetone solution with hydrochloric acid gas. A crop of 
a crystalline material was obtained, which differed in crystalline form from 
squalene hydrochloride and appeared to resemble the hydrochloride described 
by Channon and Marrian. A further 6g. of the original unsaponifiable 
material (III) were freed completely from cholesterol, and fractionated from 
methyl] alcohol in the manner described by these investigators. The following 
fractions were separated: 


I.V. 
(a) 1-27 g. 123 
(b) 0-3 134 
(c) O11 154 
(d) 0-30 (insoluble residue) 302 


The iodine value of the corresponding fraction insoluble in methyl alcohol 
separated from pig-liver material by Channon and Marrian was 309. Bromina- 
tion of our insoluble material gave 0-68 g. of the bromide similar in character 
to that described by them. This yield and an iodine value of 302 would 
correspond to the fraction containing about 81 % of the hydrocarbon with 
an iodine value of 370. A bromination of 0-5 g. of the original sterol-free 
unsaponifiable matter gave 0-275 g. of insoluble bromide. This corresponds 
with the material containing approximately 18 % of the hydrocarbon, and 
would allow an iodine value of about 80 for the other constituents. 

The importance of the detecticn of such relatively large amounts of this 
curious hydrocarbon in the unsaponifiable fraction of sheep-liver fat lies in 
the observation of Channon and Marrian that it is readily decomposed when 
distilled under reduced pressure. A considerable production of liquids of low 
boiling point, together with a failure to obtain any bromide or hydrochloride 
from the distillates, seemed to indicate that the decomposition was extensive. 
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It is, we believe, decomposition of this type that is responsible for the loss of 
vitamin A by secondary reactions when the unsaponifiable material of cod- 
liver or sheep-liver oil is distilled under conditions that might be regarded as 
unlikely to cause destruction of the active substance. 

An attempt was made to reduce with hydrogen and palladium the material 
more soluble in methyl alcohol obtained during the separation of the hydro- 
carbon. It was thought that the removal of the greater part of the hydro- 
carbon, itself of a constitution not readily reduced, might render the reduction 
of the residue more readily accomplished. Such did not prove to be the case. 
A solution of 1-79 g. dissolved in glacial acetic acid was treated with hydrogen 
under a pressure of about an atmosphere and a half. Hydrogen was very 
slowly absorbed, and several renewals of catalyst were made. In 5 hours 
170 cc. of gas were absorbed (calculated 190 cc.), and the reduction seemed 
to have ceased. After hydrolysis of the reduced product, in case acetylation 
had occurred, 1-6 g. of a viscous golden yellow oil were obtained. This material 
failed to yield any crystalline product. 


C. Greenland shark-liver oil. 


The studies of Tsujimoto and Toyama [1922] and Weidemann [1926] 
suggested that the liver oil of the Greenland shark, Somniosus microcephalus, 
might yield an unsaponifiable fraction of simpler composition than the 
materials we have already described, and therefore more likely to provide 
information regarding the nature of the vitamin. The unsaponifiable fraction 
of this oil is known to consist to a large extent of cholesterol and the two 
dihydric alcohols, batyl alcohol and selachyl alcohol. 

The sample of Greenland shark-liver oil employed in our work was a 
commercial preparation of dark orange colour, containing 15 % of unsaponi- 
fiable matter. From it 566 g. of this material were prepared. The iodine value 
of this fraction was 57, it contained 14-5 % of cholesterol and it possessed a 
colour index of 1-5. The relatively low vitamin value of this material did not 
deter us from examining its composition in view of the results we were ob- 
taining at the same time in the examination of the vitamin-rich Japanese 
shark-liver oil (see Section D). 

On attempting to separate the greater part of the cholesterol by washing 
with ice-cold methy] alcohol a large amount of insoluble pale yellow crystalline 
material separated. This was further washed with repeated changes of methyl 
alcohol at 0° and gave nearly one-third of the whole unsaponifiable fraction 
in the form of a white crystalline product. These crystals were obviously a 
mixture as they melted indefinitely between 65 and 100°. It appeared probable 
that in addition to the greater part of the cholesterol, the methyl alcohol 
had separated a solid alcohol of the type of batyl alcohol. 

By repeated fractionation of a representative sample from light petroleum 
about half the expected amount of cholesterol was isolated in reasonably 
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pure condition, but as regards the other components only a number of 
fractions with melting points ranging from 60° to 90° were isolated. A few 
of these fractions were combined, and the cholesterol was removed by digitonin. 
The residue was a white solid, which, after several recrystallisations from 
methyl alcohol, melted at 68-69°. This appeared to be identical with batyl 
alcohol, m.p. 70-71°, and a mixed melting point determination with a sample 
of batyl alcohol, for which we are indebted to Prof. Tsujimoto, showed no 
depression. 

A better method for the separation of the batyl alcohol and cholesterol, 
which together appear to make up practically the whole of that part of the 
unsaponifiable material insoluble in methyl alcohol, is to employ ether as a 
solvent. Batyl alcohol is sparingly soluble in cold ether and considerable 
amounts were separated in this manner. The purified product melted sharply 
at 69°: 

Analysis. 0-1205 g. gave 0-3240 g. CO, and 0-1370 g. H,O. 
Found: C, 73-20; H, 12-62. 
Calculated for C,,H,,0,: C, 73-25; H, 12-79. 


The fraction of the unsaponifiable matter soluble in methyl alcohol 
weighed 306 g., and was an orange coloured oil with a vitamin A colour value 
of 1-3. 

Several very satisfactory distillations of this product were made. One of 
them is represented by curve C, Fig. 1, from which it may be seen that the 
chief part of the distillate is probably represented by one substance. The 
data regarding the fractions taken in this particular distillation of 45 g. are 
as follows: 


Chole- 
Fraction Wt. Pressure Iodine _ sterol 
No. g. Appearance Temp. mm. value % n40 
1 5 Yellow semi-solid mass 150°-235° 0-015 68-2 0-74 1-4578 
2 7-9 Cream coloured semi- 240° 0-042 75:3 2-82 1-4631 
solid fat 
3 5-4 Pale yellow liquid 240°-244° 0-045 81-4 3-4 1-4640 
4 2-8 Clear brownish liquid 244°-250° 0-077 89-6 4-54 1-4623 
5 9-7 * 250°-254° 0-10 91-2 3-98 1-4649 


Of the 45g. taken 26g. boiled between 240-254° and appeared to be 
uniform, apart from a slight rise in iodine value as the distillation proceeded. 
The properties of these fractions suggested that they might be largely com- 
posed of unsaturated substances of the type of selachyl or oleyl alcohol. 


LV. ni 
Selachyl alcohol 79 1-4691 
Oley] alcohol 94 1-4620 


Very small amounts of a hydrocarbon, probably squalene, were detected 
by the formation of a crystalline hydrochloride. 

2g. of the undistilled fraction gave 18-7 mg. hydrochloride, equivalent, 
assuming a 50 % yield, to the presence of 0-6 % of squalene. 

Only the first three fractions showed the colour reaction for vitamin A. 
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These were too pale to measure. 16g. of the material, boiling between 
240-254°, fractions 3, 4 and 5, were redistilled. 


Fraction Wt. Pressure Iodine 
No. g. Temp. mm. value ni 
1 1-9 120°-130° 0-01 104-1 1-4561 
2 4-2 150°—170° op 87-6 1-4552 
3 1-6 170°-180° - 87-6 1-4570 
4 2-8 180°—195° - 84-6 1-4619 
5 1:7 195°—203° a 87-9 1-4722 


Fractions 2-5 appeared to be uniform and were combined (fraction 134). 
4-3 g. of the lower boiling material (fractions 1 and 2) from the main dis- 
tillation were also refractionated. They yielded 2-7 g. of a semi-solid white wax 
boiling at 180-200° at 0-01 mm., with an iodine value of 74, and n*” 1-4630 
(fraction 132). 

Fraction 132. Although this material was semi-solid no satisfactory 
crystallisation from solvents was carried out, and it was subjected to hydro- 
genation. 2g. dissolved in 100 cc. alcohol were treated with hydrogen and 
palladium catalyst. Absorption of hydrogen was rapid and a white crystalline 
material separated out in the reacting vessel during the later stages of the 
treatment. 

The reduced substance (1-9 g.) was a white crystalline material melting 
at 53-54°. After recrystallisation from acetone, fractions of a white substance 
crystallising in clusters of very small, fine, curved needles were obtained, 
M.P. 60-61°. This material was later combined with similar fractions obtained 
by the reduction of fraction 134. 

Fraction 134. Cholesterol was removed quantitatively from this material 
by digitonin, leaving a brown oil; 1.v. 86. 

It was reduced with hydrogen and palladium very readily, and yielded a 
white crystalline product melting at 45-50°. After two recrystallisations from 
acetone it melted at 65-66°. 


Fractionation of crystalline material from hardened fractions 132 and 134. 


As it appeared likely that the products of hydrogenation of fractions 132 
and 134 were very similar in composition they were combined for a systematic 
fractionation from acetone. The less soluble fractions all with melting points 
above 59° were united and recrystallised from methyl alcohol. The melting 
point of the product was 64-65°. 


Analysis. 0-0722 g. gave 0-1942 g. CO, and 0-0812 g. H,O. 
Found: C, 73-35 %; H, 12-63 %. 
Calculated for C,,H,,0,: C, 73-25 %; H, 12-79 %. 


The phenylurethane melted at 96-97-5°. This product appeared, there- 
fore, to be batyl alcohol. Heilbron and Owens [1928] give the melting 
point of the urethane as 98°. The fractions more soluble in acetone, with 
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melting points below 59°, were combined and 2-75 g. were redistilled at 


0-06 mm. 
Fraction Wt. 
No. g. Temp. 
1 0-5 140°-155° 
2 0-65 155°-191° 
3 0-55 190°—200° 
4 Residue 0-7 — 


Each fraction was recrystallised from methyl alcohol. The melting points 
of the recrystallised materials were (1) 51-8°, (2) 54-5°, (3) 56-6°, (4) 57-5°. 
Fractions 1 and 2 were analysed: 
(1) 0-0768 g. gave 0-2190 g. CO, and 0-0930 g. HO. 
Found: C, 77-76 %; H, 13-45 %. 
(2) 0-0762 g. gave 0-2157 g. CO, and 0-0904 g. H,0. 
Found: C, 77-20 %; H, 13-18 %. 
Calculated for octadecy] alcohol (C,gH,,0): C, 79-91; H, 14-17. 
Calculated for batyl alcohol (C,,H,,05): C, 73-25; H, 12-79. 


The phenylurethanes were prepared, and melted at 71-73°. Heilbron and 
Owens [1928] give the melting point of the phenylurethane of octadecyl 
alcohol as 77—78°; André and Francis [1926] give 79-80°. Attempts were made 
to purify the parent substances, but it was found to be a very difficult matter. 
The material isolated from these hardened fractions behaved very much like 
a mixture of batyl and octadecyl alcohols, when compared with mixtures of 
known composition of the two substances. Prof. Heilbron informs us that 
he has encountered the same difficulty in separating mixtures of the urethanes 
of these two substances. 

From these studies we concluded that the unsaponifiable matter from the 
liver oil of the Greenland shark consists to a large extent of cholesterol, 
batyl alcohol and unsaturated alcohols—probably selachyl and oleyl—which 
on reduction yield respectively batyl and octadecy] alcohols. 


D. Japanese shark-liver oil. 


Through the courtesy of Mr John Spencer of Aberdeen we were able to 
obtain a sample of commercial Japanese shark-liver oil of relatively high 
vitamin value. This oil contained approximately 5-5 % of unsaponifiable 
matter and gave a vitamin test of 0-2. The unsaponifiable fraction was a 
clear pale yellow oily fluid, 1.v. 78, and on standing a slight deposit of crystalline 
material separated. Small amounts of cholesterol were found. 160 g. of this 
unsaponifiable material were recrystallised from methyl alcohol and yielded 
34 g. of crystalline substance. The melting point of this product, after many 
recrystallisations from light petroleum and ether, rose to 62—62-5°. It erystal- 
lised in sheaves of needles from ether, in which it is not very soluble. It 
appeared to be identical with chimyl alcohol, C,,H,)0;, described by Toyama 
[1924], m.p. 60-5-61-5°. 
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Analysis. (1) 0-0707 g. gave 0-1880 g. CO, and 0-0821 g. H,0. 
Found: C, 72-51 %; H, 12-9 %. 
(2) 0-0653 g. gave 0-1725 g. CO, and 0-0747 g. H,0O. 
Found: C, 72-03 94; H, 12-71 %. 
Calculated for C,gH,)0,: C, 72-14 %; H, 12-66 %. 


The phenylurethane crystallised in long needles from ethyl alcohol, 
M.P. 98°. 

Treatment of chimyl alcohol with hydriodic acid. In order to isolate and 
identify the fatty alcohol present in the chimyl alcohol we reduced it with 
hydriodic acid in a micro-Zeisel apparatus so that we were enabled to make 
an estimation of the glycerol as isopropyl iodide at the same time. The 
reduction was carried out in the following manner. The reaction flask 
was heated slowly to 110° and maintained at that temperature for half an 
hour. The temperature was then gradually raised to 130° for a further 
30 mins., and finally to 145-150° for 10 mins. Under these conditions 
we obtained yields of silver iodide corresponding to 23-19, 23-85 and 
23-15 % glycerol. The theoretical value for chimyl alcohol is 29-12 %. 
We have not succeeded in obtaining values nearer the theoretical than 
those given above, although we have attempted to modify the conditions 
of the reaction so as to render smaller the likelihood of secondary reactions 
occurring. Parallel determinations on pure samples of batyl alcohol gave 
values of 21-5, 21-97 and 22-02 % as compared with the calculated figure of 
26-74 %. 

After the treatment with hydriodic acid the contents of the flask in the 
case of the experiments with chimyl alcohol contained an oily layer, whereas 
in the case of batyl alcohol the layer solidified to a soft wax. The oily layer 
in the former case was extracted with ether, and washed with sodium bisulphite 
and with sodium bicarbonate solutions. The crude iodide was recrystallised 
twice from acetone and melted at 23-25°. This product appeared to be cetyl 
iodide, M.p. 23° [Gascard, 1921]. Some of the iodide was converted into the 
corresponding alcohol by treatment with sodium acetate and subsequent 
saponification. The cetyl alcohol after recrystallisation from acetone melted 
at 44—47°. 

These observations serve to confirm the constitution of a monoglyceryl 
ether of cetyl alcohol for chimyl alcohol suggested by Heilbron and Owens 
[1928] as a result of their studies, which revealed batyl alcohol to be 
an ether of octadecyl alcohol and glycerol. 

The fraction of the unsaponifiable matter soluble in methyl alcohol de- 
posited on standing a considerable amount of additional crystalline material 
which was separated by centrifuging. Both solid and liquid fractions were 
treated with digitonin to remove a small amount of cholesterol. The liquid 
oil after this treatment possessed an iodine value of 103 and a vitamin value 
of 3-75. 
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35 g. of this oil were distilled at 0-04 mm., and the following fractions 
collected : 


Fraction Wt. Todine 20 Vitamin 
No. g. Appearance Temp. value Np value 
1 1-7 Yellow-brown liquid, 120°-190° 69 1-4720 3-3 
some crystals 

2 2-6 cE 190°-202° 84 1-4762 4-0 

3 8-2 Yellow semi-solid mass 202°-205° 100 1-4755 3°3 

+ 7-9 as 205°-206° 101 1-4731 1-4 

5 8-1 os 206°—208° 101 1-4725 0-6 

6 4-2 Yellow wax 208°-210° 103 1-4725 0-4 

7 3°3 Hard yellow wax 210°-220° 107 1-4769 1-0 


As shown by the distillation curve D (Fig. 1) this material seems to be 
uniform, and the results of the examination of the fractions confirm this view. 
The recovery of vitamin was nearly 50 % and in fraction 2 ‘there was 
actually a slight concentration of the active substance. As regards the vitamin 
this was the most successful distillation we have had in the course of 5 years’ 
work. Fractions 3 and 4 were reduced with hydrogen in the presence of 
palladium at room temperature, the absorption of hydrogen being very rapid. 
From both fractions a white crystalline material was isolated in quantitative 
yield. Even in the crude condition it appeared to be fairly pure baty] alcohol, 
and on recrystallisation from ether this substance was obtained readily, 
M.P. 67-69°; phenylurethane, m.p. 98-5-99°. The small amounts of material 
in the mother-liquors from the purification of the batyl alcohol were soft 
waxes with iodine values of about 74. They contained batyl alcohol, but there 
was insufficient to isolate the other constituents. They did not give a colour 
reaction for vitamin A. Small traces of the hydrocarbon like squalene were 
detected in the distilled fractions, but it is doubtful whether they were suffi- 
cient to account for the iodine values of 102-107 on the assumption that the 
main constituent was selachyl alcohol (1.v. 79). 

The solid material that deposited on standing from the methyl alcohol- 
soluble fraction of the unsaponifiable matter was also distilled at 9-01 mm. 
after removal of the cholesterol by digitonin. It had an iodine value of 90 
and a vitamin value of 3-1. The following fractions were collected: 


Fraction Wt. Todine 20 Vitamin 
No. g. Appearance Temp. value Np value 
1 0-9 Yellow-brown semi- 90°—180° 61 — 1-2 
: solid wax 

2 4-4 a5 180°-195° 81 1-4790 1-9 

3 9-4 6 195°-204° 87 1-4788 0-7 

4 10-8 Pale yellow wax 204°-208° 90 1-4778 0-3 

5 2-2 Brown wax 208°-227° 100 1-4755 0-6 


The distillation curve is shown in curve £, Fig. 1, and is very similar to 
that of the corresponding liquid fraction (curve D). The recovery of vitamin 
is not so good, 23 % as compared with 48 %, but in this case there was some 
preliminary manipulation which may slightly have damaged the product. 
The information regarding the fractions again suggests that mainly one sub- 
stance is present, and confirmation of this was obtained from the reduction 
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experiments which yielded almost quantitative amounts of batyl alcohol, 
M.P. 68-69°; phenylurethane, M.P. 98-5°. 

It would seem, therefore, that the greater part of the fraction of the 
unsaponifiable matter soluble in methyl] alcohol is selachyl alcohol. (Selachyl 
alcohol, B.P. (5 mm.) 236—-239°, 1.v. 79, n?® 1-4691.) An analysis was made of 
fraction 4: 

(a) 0-0832 g. gave 0-2262 g. CO, and 0-0925 g. H,0. 
Found: C, 74-14 %; H, 12-28 %. 

(5) 0-0806 g. gave 0-2192 g. CO, and 0-0893 g. H,0. 
Found: C, 74-16 %; H, 12°31 %. 
Calculated for C,,H,.0,: C, 73-69%; H, 12-28 %. 

Determinations of glycerol on the crude hydrogenated fractions (M.P. 
58-60°) gave 22-24 and 22-11%, figures agreeing very well with those 


obtained on pure baty] alcohol. 
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Fig. 1. Distillation curves of unsaponifiable fractions. 


Only the fact that most of the fractions were more or less solid waxes 
was against their being almost wholly composed of selachyl alcohol. Pure 
selachy] alcohol freezes at about 5-10°, but it remains a liquid at temperatures 
at which our fractions were-solid. It is possible that the substance present 
in the material we were examining was an isomer of selachyl alcohol. We are 
investigating this matter further. 


DISCUSSION. 


Viewed from the standpoint of the main object of the investigation, 
namely, to ascertain the chemical nature of vitamin A, the observations 
recorded in this paper are unimportant. They serve, however, to make it 
clear that the task of isolating this vitamin is one of even greater difficulty 
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than our previous experience had led us to believe. The results obtained in 
the study of the Japanese shark-liver oil are sufficient to show that the vitamin 
forms a very minute proportion of the total unsaponifiable matter. The 
original oil possessed a vitamin A value comparable with that of a very good 
cod-liver oil. From the unsaponifiable fraction were isolated, either directly or 
after reduction with hydrogen, recognisable substances in reasonably pure 
condition in amounts accounting for 90-95 % of the total material. As far 
as could be ascertained the residue consisted to a large extent of these same 
substances in less pure condition. 

It is generally recognised that the separation of the components of mix- 
tures of fatty substances of low melting points is in all cases exceedingly 
difficult, and that it is well-nigh impossible if the desired substance represents 
a small proportion of the mixture. After removal of the cholesterol and 
chimy] alcohol from the unsaponifiable fraction of the Japanese shark-liver 
oil a residue was obtained which could be regarded as slightly impure selachyl 
alcohol. 

It distilled completely over a narrow range of temperature, and on treat- 
ment with hydrogen yielded almost quantitatively the corresponding saturated 
compound, batyl alcohol. We are forced, therefore, to conclude that the 
vitamin is present in amounts so small that its separation will not be attained 
by such methods as we have used, unless it be found that a characteristic 
derivative can be prepared which possesses properties suitable for its isolation. 

In illustration of this view there can be given the case of the hydrocarbon 
(squalene) that was found in some of the fractions. Fractions 4-6 of the 
distillation described on p. 287 appeared to consist almost entirely of selachyl 
alcohol, but possessed an iodine value (100-103) which suggested that a small 
amount of an impurity with a much higher degree of unsaturation than that 
substance was also present. Owing to the fortunate fact that very small 
amounts of this hydrocarbon can be detected by the formation of the insoluble 
hydrochloride or bromide it was possible to demonstrate that some, if not all, 
of the excess of the iodine value of these fractions over that of selachyl alcohol 
could be accounted for in this manner. Only 7 % of squalene would be re- 
quired to raise the iodine number of these fractions from 79 (selachy] alcohol) 
to the observed value of 100, and yet, were the separation of the bromide 
and hydrochloride not an easy matter, the detection, much more the isolation, 
of this constituent would be an exceedingly difficult task. 

The results reported in this paper throw no definite light on the chemical 
nature of vitamin A, nor do they provide reasonable grounds for speculation. 
So far only one indication has been obtained, and it is one that we think 
points the direction in which work might profitably be directed in the future. 
The colour reactions believed by many to be specific for vitamin A recall so 
strongly those given by certain types of sterol derivatives, that it is probable 
that more progress in elucidating the nature of the active substance will be 
made by studying the properties of sterols than by continuing to employ such 
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methods as we have used during the last ten years. It is encouraging to recall 
the brilliant success which has followed the studies of the sterols in relation 
to vitamin D, and to remember that the concentrated preparations of the 
antirachitic vitamin that are now available would probably never have been 
obtained by employing such methods as we have used in attempting the 
isolation of vitamin A. 


SUMMARY. 


1. Further attempts have been made to separate by fractional distillation 
at pressures of about 0-01—2 mm. the vitamin A present in the unsaponifiable 
matter of certain liver oils. These efforts have not succeeded. 

2. The unsaponifiable fraction of cod-liver oil, after removal of the greater 
part of the cholesterol, does not fractionate satisfactorily, but tends to de- 
compose with rather serious loss of the vitamin. 

3. The constituents of the unsaponifiable fraction of cod-liver oil are not 
readily reduced by hydrogen in the presence of platinum or palladium 
catalysts, and little information regarding their nature was obtained by this 
line of attack. It was also found impracticable to effect their separation by 
the preparation of phthalates or substituted phthalates. 

4. The unsaponifiable fraction from sheep-liver fat also decomposed con- 
siderably on distillation in a high vacuum. Part of this decomposition, which 
involves the vitamin, is due to the presence of the highly unsaturated hydro- 
carbon, resembling in some respects squalene, discovered by Channon and 
Marrian in mammalian livers. Considerable amounts of this substance were 
separated from the vitamin fractions. 

5. The sheep-liver fractions were as resistant to hydrogenation as those 
from cod-liver oil. 

6. The unsaponifiable fractions of Greenland shark-liver oil and Japanese 
shark-liver oil consist largely, as the studies of Tsujimoto and Toyama have 
indicated, of selachyl, batyl, chimy] and oley] alcohols. 

7. The distillation of the unsaponifiable fractions from these oils is accom- 
panied by comparatively little destruction of the vitamin, owing, it is thought, 
to the small proportion, or absence, of the complex alcohols and hydrocarbons 
of the terpene series. 

8. Asample of Japanese shark-liver oil possessing a vitamin activity of the 
same order as a good cod-liver oil yielded an unsaponifiable fraction of which 
90-95 °% was accounted for in the form of reasonably pure preparations of 
the alcohols mentioned in 6, together with small amounts of cholesterol and 
a hydrocarbon resembling squalene. The remainder appeared to consist to a 
large extent of the same substances. This would indicate that the vitamin A 
forms a very small proportion of the unsaponifiable matter, probably less 
than 1 %, and supports the view expressed formerly by us that the “bio- 
sterin”’ of Takahashi and his colleagues is an extremely crude preparation of 
the active substance. 
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9. The structure suggested by Heilbron and Owens [1928] for chimy] 
alcohol, namely, that of a monoglyceryl ether of cetyl alcohol, has been con- 
firmed by using methods similar to those employed by them in determining 
the constitution of the related batyl alcohol. 


We are greatly indebted to the Medical Research Council for a series of 
grants during the past few years that have defrayed the cost of this investi- 
gation. 


REFERENCES. 


André and Francis (1926). Compt. Rend. Acad. Sci. 183, 663. 

Carr and Price (1926). Biochem. J. 20, 497. 

Channon (1928). Biochem. J. 22, 51. 

and Marrian (1926). Biochem. J. 20, 409. 

Dam (1924). Biochem. Z. 152, 101. 

Drummond, Channon and Coward (1925). Biochem. J. 19, 1047. 

Feulgen (1921). Ber. deutsch. chem. Ges. 54, 360. 

Gascard (1921). Ann. Chim. (9), 15, 373. 

Heilbron and Owens (1928). J. Chem. Soc. 942. 

Nakamiya and Kawakami (1927). Sci. Papers, Inst. Phys. Chem. Res. 7, 121. 
Takahashi (1922). J. Chem. Soc. Japan, 43, 826. 

and Kawakami (1923). J. Chem. Soc. Japan, 44, 590. 

Nakamiya, Kawakami and Kitasato (1925). Sci. Papers, Inst. Phys. Chem. Res. 3, 81. 
Toyama (1924). Chem. Umschau, 31, 61. 

Tsujimoto and Toyama (1922). Chem. Umschau, 29, 27, 35, 43. 

Weidemann (1926). Biochem. J. 20, 685. 











19—2 
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INTRODUCTION. 


Ir has been shown by Quastel and Wooldridge [1928] that in the case of the 
dehydrogenating enzymes of the bacterial cell, the question of accessibility 
to the active centres is closely bound up with the molecular constitution of 
the substance under consideration. 

It was suggested by Dr Quastel that it would be instructive to investigate 
a so-called soluble enzyme, t.e. one presumably not capable of being con- 
sidered part of a cellular interface, and to find whether any substances 
possessing a particular molecular structure, and other than the natural sub- 
strates, are adsorbed at its surface, using the same general criterion, viz. 
that, if the substance is adsorbed, it will compete with the substrate for the 
available surface and diminish the velocity of the normal reaction. 

It followed from the active centre hypothesis that a number of substances 
characterised by the possession of a particular type of structure should be 
adsorbed by (or capable of combining with) each enzyme or centre; but out 
of these substances only a certain number can be activated to undergo the 
chemical reaction. Substances which are adsorbed but not activated will 
compete for the active centre with those which are activated and hence bring 
about a diminution in the velocity of reaction of the latter. The facts found 
with the dehydrogenating enzymes supported these conclusions, but it was 
desirable to determine whether a study of a hydrolytic enzyme would also 
give confirmatory results. The investigation to be described therefore was 
primarily taken up to examine the active centre hypothesis from a study of 
hydrolytic enzymes. 

The lipases were selected for study as they are not specific to anything 
like the same degree as the carbohydrases, and it should therefore be expected 
that a larger number of compounds would be accessible. Nevertheless in this 
connection Armstrong [1904] showed that for the sugar-splitting enzymes 
substances could be found which, though not attacked by the enzyme, in- 
hibited its action on substrates, thus a-methylgalactoside, which is unattacked 
by lactase, inhibits the hydrolysis of lactose by that enzyme. The peptidases 
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also show specificity only of a limited degree, but lipases possess the advantage 
that the substrates are much more readily obtained in a state of purity. 


Method and apparatus. 


The aim of the experiments being to observe the effects of added sub- 
stances on the velocity of hydrolysis, and not in any way on the total amount 
hydrolysed either up to an equilibrium or in any given time, all such methods 
of measurement as incubation for a standard time were unsuitable, and it 
was necessary to find a method by which the actual velocity at any moment 
could be readily calculated. 

For this purpose the gasometric method was considered the most suitable. 
The principle of this method, in which the extent and velocity of liberation 
of acid in a system is measured by observing the output of carbon dioxide 
from a carbonic acid-bicarbonate buffer, is due to Warburg [1923], who em- 
ployed it in the investigation of lactic acid formation in tissues. It was first 
applied to the study of lipases by Rona and Lasnitzki [1924], who used a 
micro-method carried out in ordinary Barcroft manometers. Both cups con- 
tained Ringer’s solution containing bicarbonate, and the air was displaced by 
a gas mixture containing a fixed percentage of carbon dioxide. Enzyme, in 
their case diluted serum or tissue slices, was added to each cup and substrate 
to only one. By this means the time-course of the hydrolysis could be accu- 
rately followed. 

For the present work the apparatus used by Dann and Quastel [1928] for 
the study of the rate of carbon dioxide production in fermentation was 
employed. By means of this apparatus, velocities of carbon dioxide output 
up to 1 cc. in 30 or 40 seconds can be measured with reasonable accuracy. 

The chief advantage of this method, in addition to the fact that the 
actual velocity can be followed, is that the hydrogen ion concentration is 
automatically kept constant, as free acid is never able to accumulate in the 


system under the experimental conditions. The hydrogen ion concentration 
. ° . = H 
of a system carbonic acid-bicarbonate is given by [H]*+ = K aoe] or ap- 


; free CO, acid 3 ; ee 
proximately by K combined CO, or K =. where K is the first dissociation 


constant of carbonic acid. If the concentration of the salt initially is 
sufficiently great, the amount decomposed makes a negligible difference, 
and the numerator term remains the same also to a first approximation 
so long as the partial pressure of the carbon dioxide remains constant. 
Since an actual halving of the concentration of salt, leading to a doubling of 
the actual hydrogen ion concentration, would only increase the py by 0-3, 
which would not materially affect the activity of the enzyme over the range 
employed, it will be seen that the error from this source is small. The largest 
error is found to be that due to irregularity in the speed of the stirring 
mechanism. The speed of the stirrer must be maintained at a value high 
enough to make the water surface a steep funnel, otherwise the liquid tends 
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to become supersaturated with carbon dioxide. In such circumstances not 
only is the rate of evolution of gas not constant, but also the mean rate is 
not comparable with the normal, since the ionic equilibrium controlling the 
Py is disturbed. 

The actual value of the py could be deduced from the equation, but is 
more conveniently found by experimental determination. To obtain any 
desired value for this quantity either the numerator or the denominator may 
be varied. Under the technique of Rona and Lasnitzki referred to, the 
Py Was adjusted by varying the percentage of CO, in the gas mixture filling 
the apparatus. The amount of extra CO, liberated in the experiment was of 
the order of 5 to 10 micro-mols only and did not affect the concentration. 
In the method here described, however, large volumes of liberated CO, are 
dealt with, and successive amounts of 5 cc. are, after measurement, expelled 
from the apparatus. A gas mixture is therefore impossible, and the whole air 
in the apparatus must always be displaced by CO, before the start of the 
experiment. For this reason the bicarbonate concentration had also to be 
much greater in order to obtain a py, of the order of 7, in fact the concen- 
tration required was about M/7. This concentration however was found 
to have no deleterious effect on the enzyme. 


Preparation of the enzyme. 

Nearly all the experiments were carried out with pancreatic lipase of the 
pig. A dry preparation of pig’s pancreas, free from fat, was prepared by 
drying with acetone and ether after the procedure of Willstatter and Wald- 
schmidt-Leitz [1923]. The dry preparation appears to keep indefinitely if 
stored in the ice-chest. Aqueous extracts were made as desired, employing 
16 cc. distilled water for each gram and shaking intermittently for 3 to 4 hours 
at room temperature and centrifuging. Such extracts can be kept for a week 
without toluene if regularly replaced in the ice-chest after use; and under 
such treatment their activity, after falling during the first 12 hours, remains 
constant for about 5 days. Subsequently the activity rapidly falls off, but 
samples in this stage were always discarded. 


Experimental procedure and types of result. 

The contents of the reaction vessel, which held about 70 cc., were made 
up of 40 cc. M/4 sodium bicarbonate solution, 25 cc. distilled water and 5 cc. 
of the solution containing the enzyme. The bicarbonate solution was usually 
saturated with washed CO, from a cylinder, but in any case the whole mixed 
contents were saturated with the gas during the replacement of the air in 
the apparatus by CO,, the gas passing through the liquid from the outlet 
tap at the bottom. The substrate, generally 1 cc., was added last, the taps 
being then closed to leave the capillary leading to the burettes the only outlet 
for gas, and the apparatus placed in the bath, the water in which had been 
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already adjusted to the correct temperature, and the stirrer started. The 
bath was maintained at a temperature of 30°. 

The apparatus was left for 5 minutes or more to attain equilibrium, the 
approximate time being known from experiments in which the substrate was 
not added until pressure equilibrium was obtained. In any case readings 
were discarded before the point at which a constant velocity of gas evolution 
was first observed. 

It was found that linear curves for the hydrolysis could be obtained over 
considerable periods with this technique. The actual extent was found to 
vary markedly from substrate to substrate. The most satisfactory results 
were obtained when using ethyl butyrate as substrate, the linear course being 
followed up to 40 or 50% hydrolysis. The phenomenon is probably attri- 
butable to the properties of the products of hydrolysis, the alcohols more 
particularly than the fatty acid salts. Thus, while ethyl butyrate and other 





° 
oO 
3 
oC 
0 10 20 
Time (mins.) 
Fig. 1. 
x x x x Triacetin. © © © © Ethyl butyrate. 


/ 


ethyl esters maintain a linear course up to 50 % hydrolysis as stated, gly- 
cerides give a much shorter period and butyl and amy] esters fail to maintain 
a linear course at all. In correlation with this, butyl and amy] alcohols cause 
the greatest inhibition when added to the system, although the observed 
difference between glycerol and ethyl alcohol is not very noticeable. Fig. 1 
shows the different course followed by the hydrolyses of ethyl butyrate and 
of triacetin. It will be observed that in the latter case the linear course does 
not persist longer than 10 minutes, while no deviation is to be noticed at all 
in the case of the ethyl butyrate. 

Rona and Lasnitzki also state that the linear course of hydrolysis of 
tributyrin in their micro-technique persisted only up to the liberation of 
2-5 micro-mols of butyric acid or about 7-5 % hydrolysis. That this is not 
due to the products of partial hydrolysis, dibutyrin and monobutyrin, having 
a greater affinity for the enzyme than the tributyrin itself, is easily shown. 
Although the velocity of hydrolysis of these compounds by pancreatic lipase 
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is much smaller than the velocity of hydrolysis of tributyrin, their addition 
to a system of tributyrin and enzyme does not cause a fall in the velocity. 
This was shown by Terroine [1910] and was confirmed by the writer for 
triacetin and monoacetin. 


Hydrolysis of mixtures of substrates. 


The above case is merely a general example of the study of mixtures of 
substrates. Where such mixtures were used in these experiments, it was found 
in nearly all cases that the velocity of hydrolysis was equal to the velocity 
of hydrolysis of the more rapidly hydrolysed constituent taken singly. Thus 
the addition of ethyl butyrate to the apparatus while triacetin was being 
hydrolysed led to no alteration in the velocity of gas evolution, but triacetin 
added to the system hydrolysing ethyl butyrate increased the velocity to 
that observed with triacetin alone. The following figures represent parts of a 
pair of such experiments: 


A. Triacetin added to ethyl butyrate. 


lec. CO,in 1’ 25” 1° 26° 1°32” * 56” 59” 57” 59” 
2ec. ,, 255" 3 0” 3’ 7” * 154" 1°59" 155" 157" 
SOC. 9 4° 25" 4°37" 4°48" * 2’ 53” 2’ 58" 2’ 49° 2’ 57° 
4cc. 5 5’ 57” 6°17" 624” * 3’ 46” 3’ 55” 3’ 46” 3’ 56’ 
B. Ethyl butyrate added to triacetin. 
1 ee. CO, in 38” 36” ~ * 39” 38” 39” 
Zoo. 5 cis Gas iar. * Far as a ar 
3cc. , 155" 1°49” 1°56" * 1°54” 1°55" 1’ 54” 
4cc. 4, 2’ 32” 2’ 27" = 2’ 35" * 2’32” 2’ 34” 2’ 30’ 


* represents point of addition. 


It is known however from the results of other workers that this pheno- 
menon is not an unalterable rule. Thus Willstatter, Kiihn, Lind and Memmen 
[1927], investigating the so-called latent period in the hydrolysis of ethyl 
mandelate by liver esterase, found that it was due to the presence of traces 
of ethyl phenylglyoxylate, the ester of the corresponding keto-acid, which 
they concluded was adsorbed much more strongly than the mandelate but 
hydrolysed more slowly. This compound is however an ester of a keto-acid, 
and the results to be described suggest that another phenomenon may be 
involved here. 

It is now recognised that the velocity of hydrolysis of an ester by lipase 
is the result of two factors, the affinity of the enzyme for the substrate (re- 
presented by the Michaelis constant), and the velocity of decomposition of 
the enzyme-substrate complex. There is no reason to suppose that the relation 
between these should be the same for all substrates, and indeed it is not. 
Thus, of several pairs of optical isomers, that one which separately is less 
rapidly hydrolysed is found to be preferentially attacked in the optically 
inactive form. This phenomenon has been particularly studied by Willstitter, 
Kiihn and Bamann [1928] and by Rona and Itolsohn-Schechter [1928]. 

The point to be stressed is that in no case is the velocity of hydrolysis of 
a mixture of substrates greater than that of either separately, that is to say, 
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there is no evidence that there is more than one enzyme concerned in the 
hydrolysis of all substrates. 


EFFECT ON THE VELOCITY OF HYDROLYSIS OF COMPOUNDS CHEMICALLY 
UNRELATED TO THE REACTANTS. 


The main object of this work was, however, to investigate whether com- 
pounds quite other than any possible reactants, 7.e. neither esters, acids, nor 
alcohols, could influence the rate of hydrolysis by occupying part of the 
active surface of the enzyme. 

Since the grouping common to all esters is —CO.O—, it is reasonable to 
consider that attachment of the ester to the active centre is achieved by 
some part of this group, either the carbonyl group or the ethereal oxygen 
atom. Ketones and ethers were therefore the first types of compounds 
investigated. 

Effect of ketones. 

The first ketone tried was acetone, but the inhibition in this case is very 
small. Increasing the length or weight of one of the chains, however, causes 
a great increase in the inhibiting powers. Thus methyl propyl ketone gives 
the following figures (see also Fig. 2): 

Substrate: ethyl butyrate, 1 cc. Substrate and inhibitor present as emulsion. 
1 ce. CO, in 56” 55” 53” 56" * 1°45" 1°32” 1’ 51° 1° 45° 1’ 53" I’ 44° 
mieOs ss 1’ 53” 1°55" 1°53” 1°53" * 3°42” 3° 23° 3’ 42” 3°31" 3°44” 3° 40° 
SCC. 45 2’ 53” 2’ 56" 2’ 54" 2°51” * 5°33" 5’ 28" 5°36" 5°22” 5 35° 5 39° 
4cc. 4; Sana ee Oe ee TT TAT Tae OT 8s OTIC Te 
* 1 cc. substance added. 

It is te be noted that all ketones give a true equilibrium with the substrate, 
and a linear course of hydrolysis in the mixture. 

Acetophenone (methyl phenyl ketone) gives even greater inhibitions, thus, 
as seen from the following table, 0-1 cc. added to the normal quantity of 
reagents in the apparatus gives an inhibition of 33%. (Inhibitions are ex- 


pressed, after Rona, by the value “sy Vx 100 °%,, where Vy = initial, V = final 





velocity.) 
Substrate: ethyl butyrate, 1 cc. Substrate and inhibitor present as emulsion. 
1 cc. CO, in 36” 34” oon 51” 47” 51’ 52” 


WOO. 45 rio. ee ie * ae ar Pee OY ae 
Bee. sj 1’ 47” 1°46" 1°47” * 2°39 2°35” 2° 40° 2’ 35° 
4cc. 55 Soe 22e" SoD" = S38 328" 3:37" 3 27" 
5-00. 45 2’ 50” 3’ 0” 2’57” * 4°28" 4°24” 4°40" 4° 24” 


* 0-1 cc. acetophenone added. 


Quantitative relationships. Competitive adsorption. 

The inhibitions obtained with acetophenone were so large that this sub- 
stance was selected in order to work out the quantitative relationship. As 
stated above all the substances produce a stationary state or point of equili- 
brium, the velocity attaining and remaining at a constant value. The actual 
velocity depends on the relative concentrations of the two substances. 
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If the inhibitor acts in the way postulated, viz. is adsorbed by the enzyme 
in exactly the same way as is the substrate, then the inhibitor and substrate 
will compete for the available surface of enzyme. The following reasoning can 
then be applied. 

At concentrations of the two substances greater than the saturation con- 
centration (which can be experimentally found for the substrate and is known 
to be much lower than the experimental value), if c, and c, be the concen- 


lee. Methyl propy| ketone 


60 added here 
ca 
oO 40 
i.) 
3 
Oo 
20) 
0 20 40 60 80 


Time (mins.) 
Fig. 2. Effect of methyl propyl ketone on hydrolysis of ethyl butyrate. 
trations of the substrate S and inhibitor J respectively, and k, and k, their 
kycy 


ic + ke, Tepresents the fraction of the 
101 + eee 





respective affinity constants, then 
enzyme remaining active for purposes of hydrolysis. The velocity is directly 
proportional to this, so that V/V» is equal to this fraction. But the inhibition 
is defined 








.— Vo-V an hye, ms hele | 
Vo kyey thet, keyey +kgey” 
If for c,/c, is written n, which is thus the number of mols of J per mol of S, 
y n . r 
and K for k,/k,, we have h = -—. By this means K represents the value 
1 « K rn ¢ 


of » when the inhibition is 50 %. 

Experimental values of A were found for several different relative concen- 
trations of substrate and inhibitor and plotted. A theoretical curve was 
drawn for a value of K approximating to the mean of the values obtained. 
Fig. 3 shows the extent of agreement between the theoretical and observed 
values. 

It was possible to obtain several points in a single experiment. Vg was 
determined and a certain amount, 0-1 cc. in most experiments, of aceto- 
phenone then added through the top tap. When this V was satisfactorily 
obtained, that is when the velocity of gas evolution had become constant, a 
further quantity of the inhibitor or a further quantity of substrate could be 
added in the same way, and further points obtained. When additional sub- 
strate was given to the system containing a certain quantity of inhibitor a 
rise in the velocity was obtained. This in itself was sufficient to show that the 
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inhibitor did not act through any deleterious effect on the enzyme, but merely 
as a competitor with the substrate. 

The extent of inhibition was moreover shown by experiment to be inde- 
pendent of the amount of enzyme present, but a function exclusively of the 
quantity here designated as n, that is the ratio of the concentrations of 
inhibitor and substrate. The two experiments quoted demonstrate this, the 
initial velocities which are proportional to the enzyme concentrations being 


approximately 2 to 3: 
Substrate: ethyl butyrate. 





A. 46” * 
lec.CO,in 51” 51” * V 8” * 1°30" * 

* 915” * 

tion , re re * vir * ¥  * 

* 3°49" * 

3cc. , 2°36" 2°35" * 3/298" * 4°37” * 

* 5/94" * 

4cc. , 331" 3°24" * 4/41” * 614" * 

* 658" * 

Bee. ,, 4/25" 4°15” * 5/53” * 7°43” * 


Inhibitions =(i) 25 %; (ii) 43 %; (iii) 55%. 





B 35” * 50° 
maa + a. ff 2+ wept se 
* 145" * 931 5 
2 ce. x 1’ 6’ ’ 6” * i 22” V 26” * ’ 50” * 2’ 21’ ok 3” 292” S 
* 957" * 415" 
3cc. » 140° 140" * 2 2 2 OY * 2°46" * 3°93" * 5 8” 3 
* 4° 9” * 6 2” 8 
4cc. , 2°13" 2°12" * 2°46" 2°54” * 3°44" * 4°45" * 6°57" §& 
as 5/ 19” f 7 5)’ © 
Bee. 4 2°46" 2°46" * 3°30" 3/35” * 4°42” * 5°56" * 8 47° 


Inhibitions =(i) 22 %; (ii) 40 %; (iii) 53 %; (iv) 70 %. 

In the above two experiments the amount of ethyl butyrate at the com- 
mencement was 1-5 cc., and 0-1 cc. acetophenone was added at each *. 

(The value of n is of course slowly changing throughout the experiment. 
as the concentration of substrate slowly diminishes while that of the inhibitor 
remains unaltered. The amount of substrate at any time is estimated from a 
knowledge of the rate of hydrolysis, 7.e. of CO, output, and the time since 
the start of the experiment.) 

Fig. 3 is drawn up from the following 22 sets of measurements, which in 
turn cover 8 separate experiments: 


n | n 
Cy Ce (g. mol) h K Cy Cs (g. mol) h K 

0-00674 0-00085 0-127 0:33 0-257 | 0-00674 0-00085 0-122 0-25 0-365 
0-00674 0-00085 0-127 0-32 0-268 0-00673 0-00171 0-254 0-52 0-233 
0-01030 0-00085 0-083 0-22 0-296 0-00673 0-00256 0-362 0-69 0-162 
0-00701 0-00085 0-122 0-41 0-174 0-00986 0-00256 0-260 0-49 0-270 
0-01080 0-00085 0-079 0:33 0-182 0-01030 0-00085 0-083 0:25 0-250 
0-00674 0-00085 0-127 0-32 0-268 0-00994 0-00171 0-172 0-43 0-228 
0:00606 0-00171 0-282 0-61 0-181 0-00986 0-00256 0-260 0-55 0-213 
0-00945 0-00171 0-181 0-415 0-254 0-01030 0-00085 0-083 0-22 0-283 
0-00701 0-00085 0-122 0-39 0-190 0-00994 0-00171 0-172 0-40 0-258 
0-00631 0-00171 0-271 0-65 0-144 | 0-00986 0-00256 0-260 0°53 0-232 
001012 0-00171 0-169 0-44 0-215 0-:00945 0-00342 0-362 0-70 0-156 


When the difficulty of accurately adding 0-1 cc. of a substance (which 
cannot be added in dissolved form) through the long side-tube projecting 
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above the water level in the bath and possessing a bend, is borne in mind, 
it will be appreciated that the extent of deviation observed is not more than 
the limit of experimental error. 

The amounts of both acetophenone and ethyl butyrate used in the ex- 
periments exceed the solubility limits of the substances in water, and they 
are present in the system as an emulsion. The high speed of rotation of the 
stirrer however ensures that the emulsion is very fine and has the same 
composition all through except perhaps in the constriction leading to the 
exit tap. Furthermore the two substances are soluble in one another, so that 
the enzyme is presented with a uniform mixture of the two. The high speed 


n 


ie 
2 ao 
Oo Oo 


b 
So 








Percentage inhibition, h 
iJ 
3 


7 07 0-2 03 O04 
n= Relative concentration inhibitor/substrate 


Fig. 3. Competitive adsorption between ethyl butyrate and acetophenone. 
[The curve is the theoretical for K =0-23]. 


of stirring ensures that mechanical access to the enzyme should not be de- 
pendent in any way on diffusion or any other factor of that nature. In con- 
ditions where that was the case these phenomena might well fail to be observed. 
The effect does not appear to be dependent on the amounts of the substances 
dissolved in the aqueous phase, for if that were so, increase of the concen- 
tration of either component above the aqueous solubility level would have 
no further effect on the velocity of hydrolysis, which is not the case. This 
must be especially emphasised, since a possible criticism of these results might 
be that effects attributed to chemical structure of substances were in reality 
merely due to greater or less solubility. 


Comparison of competitive adsorption with effect of fluoride. 


It is interesting at once to contrast this type of inhibition, which we have 
termed “competitive adsorption,” with a quite different type, namely that 
brought about by fluoride. On chemical grounds it would not be expected 
that fluoride would be likely to compete with the substrate, and quantitative 
experiments show that the behaviour of this substance is in fact quite 
different. 
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Thus the experiment cited in the accompanying table shows that after 
addition of fluoride with resulting fall of the velocity to a new constant level, 
a further addition of substrate will not raise the level again as with com- 
petitive adsorption types. The inhibition is thus not dependent on the 
relative concentration of inhibitor to substrate at all. But it is dependent on 
the relative concentration of inhibitor to enzyme. Whereas in cases of com- 
petitive adsorption the enzyme concentration does not affect the value of 
the percentage inhibition, in this case, the less enzyme the more is the per- 
centage inhibition caused by a given quantity of fluoride. Fluoride in fact 
behaves as if it formed a compound with the enzyme itself, which no amount 
of substrate will reverse. Yet this compound is not irreversible since Loeven- 
hart and Peirce [1906] showed that after dialysis a completely inactivated 
sample regains its activity, and quantitative relationships confirm this. No 
exact quantitative experiments were included in this series, but it was shown 
that if x, say, was the amount of fluoride required to give 50 % inhibition, 
i.e. to inactivate half of the enzyme, then 2x would not suffice to inactivate 
the whole, as it would were the combination irreversible. 

Pancreatic lipase is very sensitive to M/40 fluoride (1 in 1000), this 
concentration giving an inhibition of nearly 90 % with the amount of enzyme 
employed in these experiments, while M/40 chloride would have no appre- 
ciable effect. One part of fluoride in 7000 gives an inhibition of 25 % in these 
conditions. 


Showing non-competitive inhibition of fluoride. 


nama Soe ur Ue PY hr 
tin 5 tM Ver + roar rete Tr ry 
Sco. ,, 216" 213° * 2 58° 259° + 310° 32° 
ta. - For tee et iY “ee 
Ses » SO FV *trrvrvet vw vo 


* lec. 1 % sodium fluoride solution added. 
{ 0-5 cc. ethyl butyrate added. 


Effect of other molecular structures. 


The experiments with acetophenone, and worked out to a less extent 
with other ketones, e.g. methyl propyl ketone, lead to the conclusion that 
ketones are adsorbed by the active centres of lipase, and compete with the 
normal substrates for the surface of the centres. It was next necessary to 
investigate to what extent other compounds exerted an influence on the 


velocity. 


Effect of ethers. 


As stated before, the possibility exists that the esters could be adsorbed 
partially by the ethereal oxygen atom, and ethers would then act as in- 
hibitors. Anisole (methyl phenyl ether), was particularly tried since the groups 
flanking the oxygen are the same as those present in acetophenone. It was 
found, as the table shows, that in comparison with the effect of the latter, the 
inhibition given by anisole is very feeble: 
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Showing the effect of anisole on hydrolysis of ethyl butyrate, 1 cc. Substrate and 
inhibitor present as emulsion. 


1 ec. CO, in 32” 33” wo 40” 35” 41” 





2 cc. A Cae or ee ae. eae 2 eae 
3 cc. = et i. a > A Ce a eg 
4 cc. ee 2 22 3; * te sa Tle 
5 ee. ~ Sa 2a eee ft eae UT Oe OS 
* 0-1 cc. anisole added here. 
ae Vio-V V t 
Inhibition 4 =—°— =1 -  =1-7=13 %. 
Ve ‘ t ; 


A similar volume of acetophenone gives an inhibition of 33 %. 


Some controls. Hydrocarbons. 


As experiments showed that a wide variety of compounds had some small 
amount of inhibitory power, as indeed is not unexpected, it was thought 
desirable to make a fairly wide survey, particularly including aromatic de- 
rivatives, since these in general gave greater inhibitions. It is to be expected 
that hydrocarbons, having very inert molecules and no polar groups (besides 
being insoluble) would exert no action at all. Pentane and hexane among 
aliphatic, benzene, toluene, ethylbenzene and cyclohexane among cyclic hydro- 
carbons, were investigated. Pentane, hexane and benzene had no final effect 
whatever, an immediate rise in the velocity of gas evolution lasting a few 
minutes being followed by a permanent return to the original level. As much 
as lec. of benzene in 70 cc. reacting fluid has been used with no effect. 
Toluene and ethylbenzene act as very weak inhibitors: no reason is known 
for this phenomenon. Very frequently, but not always, if more than 0-1 ce. 
were used, no steady state set in, but a gradual diminution of velocity was 
observed. Cyclohexane was unique in producing a permanent activation. 
The cause was not discovered, but presumably must be physical rather than 
chemical in nature. Presence of the substance did not affect the power of 
other substances to inhibit, e.g. acetophenone was able to bring about its 
usual inhibition substituting the new value for V). The activation was equally 
marked in the case of completely soluble substrates such as triacetin, so that 
the effect, whatever it may be, appears to be on the enzyme itself. 


Some soluble aromatic derivatives. 


More soluble benzene derivatives were tried, e.g. phenol and aniline. 0-1 g. 
phenol in the total content gives an inhibition of 15 %, whereas 0-1 g. aceto- 
phenone gives over 30 % inhibition, in spite of the fact that phenol is con- 
siderably more soluble. This again points against the criticism that the effect 
is merely one of relative solubility. Aniline, which is fairly soluble, gives a 
very weak inhibition. Two experiments, each using 0-1 g. of this substance, 
have given inhibitions of 5-5 °% and 6-5 % respectively. This highly polar 
substance therefore does not seem to be very actively adsorbed by the 
enzyme. 

The following two tables give the experiments the results of which have 











ve 
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been quoted. The substance was suspended in bicarbonate solution, and added 


at the points marked *: 
Substrate: ethyl butyrate. 

A. Effect of 0-1 g. phenol. 
1 ec. CO, in 40” 36” 35” * 48” 49” 41” 
a0. -,, ae oa AF) ee 38" i 25" 
BOs <5; roe fo ta. |! Sl Ue USS 6S. 8 
400. 5, 2°35" 2°26" 2°23" * 247" 3 2 2 52” 
a oi 3.3 6 3 * 3°33" 3°46" 3°36" 

Inhibition =15 %. 
B. Effect of 0-1 g. aniline. 


nate was ll le le! hl 
toe . Yr vert rerrvrervrers 
3cc. 4, 1’ 36” 1°33” 1°29 * 1°37” 1°36" 1°40” 1°39” 
jo. , TUT vr sre x o F198 211" 
Bee. ,, 2°36" 2°36" 2°30" * 244” 2/40" 2/48” 2’ 43” 


Inhibition =5-5 %. 


Effect of phenylmethylearbinol. 


Further experiments designed to show that the very powerful inhibitory 
action of acetophenone is due to its carbonyl group consisted in investigating 
derivatives in which this group was no longer present. The first compound 
investigated was phenylmethylearbinol. Since alcohols are reactants in the 
general lipase system, this substance might be expected to be adsorbable by 
the lipase, and the results are in agreement with this supposition. 0-1 g. of 
this substance gives an inhibition of 25 % when the ethyl butyrate present 
is 1 cc. (0-88 g.), or about three-fourths of the inhibition given by aceto- 
phenone. When quantitatively worked out, the inhibition given by this 
substance was found to conform to the competitive adsorption type, the 
gram-molecular affinity relative to ethyl butyrate being about 2-5-3 for this 
compound as against about 4-5 for acetophenone. (These figures represent 
1/K for the substances.) This shows that the alcohol does not give rise to 
any appreciable back action although being powerfully adsorbed. The case 
is analogous to the effect of glucose and fructose on the hydrolysis of cane- 
sugar by invertase. They occupy the surface of the enzyme. 

The following table represents a typical result with this substance: 


Effect of phenylmethylcarbinol on hydrolysis of ethyl butyrate, 1 cc. Substrate and 
inhibitor present as emulsion. 


1 ce. CO, in 42” ane 52” 53” a * ee Yo 
BOO. 55 fae lve. Shee  & oe Loy © 2S" 2°39" 
SCC. 55 Ye 12 ce = ae «6a 2 a’ * 63 a" 3" 40" 
4cc. ,, 246, Gio." Soe @ 4) 240  * 5 8 & 7 
5oec. 55 3°27" 320° * 4°34" £38" 437" * 624" 6 28” 


Inhibitions =(i) 25 %; (ii) 46-5 %. 
* 0-1 g. phenylmethylcarbinol added. 

Whether it is the same active centre for the adsorption of the ester and 
of the alcohol is still not clear. In the dehydrogenases the groupings —CO— 
and —CH.OH— seem interchangeable, 7.e. either is equally well adsorbed at 
the same centre. It is not clear whether this is the same effect or whether 
phenylmethylcarbinol acts merely as an alcohol. In this case the ketone 
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exerts a more powerful action than the corresponding alcohol, and a keto- 
acid, as will presently be described, had more effect than a hydroxy-acid, 
but with the pair of substances, cyclohexanone and cyclohexanol, the reverse 
was true. Both, in comparison with the pair, acetophenone and phenylmethyl- 
carbinol, are very weakly adsorbed, but cyclohexanol is very definitely more 
adsorbed than cyclohexanone, as the following two experiments show: 
Substrate: ethyl butyrate 1 cc. Substrate and inhibitor present as emulsion. 
A. Effect of cyclohexanone. 


1 ce. CO, in 37” 37” 43” 42” 41” 49” 49” 


T 47” 46” 
2 ce. 1’ 13” 1’ 13° Yo ra rare ee 

T 

7 


1’ 32° 1’ 32” 
3 ce. ca La. a2 eS 2’ 28” 2’ 31” i ee of 
4 cc. 2’ 29” 2’ 32” 2’ 49” 2’ 48" 2’ 45” 3’ 19” 3’ 20” oS 2 
5 ee. ss’ 2 30" 3°31” 329% 327” 7 4°10" 410° 3’ 53” 3’ 43” 


* 0-5 cc. added. + Another 0-5 cc. added. { Another 0-5 ce. ethyl butyrate added. 


hee 


B. Effect of cyclohexanol. 
l ee. CO, in 38” 38” 50” 54” 50” Ff 46” 45” 
2 CC. 49 ce es ia toe Ve” tT Cre a 


- a 5” 
* 
S00. vie th * £37 Se Fee 7 2a 2 
* 
* 


2 98” 
9 8” 
4’ 10’ 


4cc. ,, 2’ 30° + 2’ 31’ si’ te tar Trs es FY 
5’ 12’ 


SOC. 5 oS aS’ 4’ 8” 4°38" 4°22” + 3' 49” 3’ 48’ 


ee 


* 0-5cc.added. 7+ Another 0-5 cc. ethyl butyrate added.  { Another 0-5 cc. inhibitor added. 


The gram-molecular constants (1/K) for these substances are approxi- 
mately 0-17 for cyclohexanone and 0-6 for cyclohexanol. 


Effect of acetophenoneoxime. 

A more satisfactory attempt to affix the properties of acetophenone to its 
carbonyl group was in the use of the oxime. A difficulty admittedly arises 
in that this substance is a solid, but it is fairly soluble, and other solids have 
been investigated with which to compare it. The observed effect with solids 
is probably less than the full, as the solid tends to sink to the bottom, but 
if very finely powdered, nearly all the material is kept evenly distributed 
throughout the fluid by the stirrer. 

Among solids used have been benzophenone, benzoin, and benzil. Two 
experiments with the former have yielded, for 0-1 g. of the substance, inhi- 
bitions of 15 % and 17 %, corresponding to a gram-molecular constant of 
2-5, less than the observed value for acetophenone, but this may be accounted 
for by steric hindrance, the position of the carbonyl group between two rings 
quite possibly presenting an obstacle to adsorption. Benzoin has given figures 
of about the same order, but the error here is probably greater as the sub- 
stance appears more prone to aggregate and fall to the bottom. Benzil, which, 
being a diketo-compound, is of especial interest, is particularly prone to this 
objection, the finely powdered material aggregating to large lumps as soon 
as it enters the fluid, nevertheless a considerable inhibition has been observed. 

With these, then, it was considered fair to compare acetophenoneoxime. 
Whilst at first it was suspected of having some residuary inhibiting power, 
repeated recrystallisation finally gave a product giving practically no inhibi- 
tion at all. 
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The following table compares acetophenoneoxime with benzophenone. 


Substrate: ethyl butyrate, 1 cc. Inhibitors present as suspensions. 
A. Effect of 0-1 g. benzophenone, added at *. 
1 ce. CO, in 35” 36” —. 42” 40° 39” 
2 ce. me 1’ 9” V 12” 1’ 12” OK 1’ 22” 1’ 20” V 18” 
BCC. 55 Mae ae oa, ©2542 22°C 
E0625, 2’ 20” +2’ 25” 2’ 24" * 2' 45" 2’ 43” 2’ 42” 
Sco. 4 See ee ve OB at ee Ss 28" 
Inhibition=15 %. 
B. Effect of 0-1 g. acetophenoneoxime, added at *. 
1 ce. CO, in 34” 34” * 36” 35” 36” 
Z'OC. 5 Po woe de oO Ee 
SCC. 5 1°37” 1°43" * 47" 1 44" 1 42” 
4cc, 5 2°14" 2°17" * 2°93" 2°19" 217° 
SOC. 45 2’ 53” +2’ 53" * 2°59" 2’ 55" 2’ 53” 
No inhibition. 


Miscellaneous examples. 


Benzaldehyde also gives an inhibition of an order approximating to that 
given by acetophenone, the inhibition by 0-1 cc. in the usual volume being 
26-5 °%, corresponding to a gram-molecular constant (1/K) of 2-75. The effect 
of the carbonyl group is thus again evident. The oxime of this substance has 
not been investigated. 

The behaviour of ethyl benzoate should not pass unnoticed. Preliminary 
experiments had shown that this ester was quite unattacked by the lipase 
preparation used. Further experiments showed that the substance acted as a 
simple inhibitor, not a very powerful one, but displaying competitive inhibition 
when added to a system actively hydrolysing ethyl butyrate or other substrate. 

In connection with the experiments using methyl propyl ketone, acetyl- 
acetone was investigated. This substance, containing as it does two keto- 
groups, might be expected to have high inhibitive properties. Actually it was 
not so active as methyl propyl ketone itself. This is probably due to the fact 
that it is actively tautomeric, with a labile hydrogen atom, and does not 
therefore function as a ketone. 


Effect of pyruvate and lactate. 

Lastly remain to be described some experiments in which the grouping 
to be investigated was part of the anion of a salt. The sodium salt of a keto- 
acid, pyruvic, was compared with the similar salt of the corresponding 
hydroxy-acid, lactic acid, while the unsubstituted propionic acid was used as 
a control. The necessary concentrations of these entirely soluble substances 
were much larger than those of the compounds previously considered, amounts 
of the order of 1 g. being used. In the experiments quoted 1 g. each of pyruvic 
and lactic acids (whose molecular weights differ only by 2) and the corre- 
sponding equimolecular weight of propionic acid, all neutralised with sodium 
hydroxide, were used. With pyruvate it was very difficult to obtain the value 


1 The results with solids other than benzophenone have not been included in the general 
table, as for reasons stated they are not capable of strict comparison with the other results. 
This does not affect the view that the comparison just drawn represents a true qualitative 
difference of behaviour between the substances. 
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of the final velocity, as there tended to be a gradual decline in this quantity, 
but the inhibition was in the zone from 30 to 40 %. With lactate the inhibi- 
tions observed varied from 18 to 22 %, while propionate gave 11 %; equi- 


molecular sodium 
substances had to I 
The relative effects 


Relativevelocity of hydrolysis 


chloride gave 8 %,, while the dilution error (for these 
ye introduced in a volume of at least 5 cc.) was up to 5 %. 
of these substances are shown graphically in Fig. 4. 
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Fig. 4: 


Incidentally the approximation between the values given by sodium pro- 
pionate and sodium chloride shows that the fatty acids, present as they are 


as ions at this p,,, 


are very weakly adsorbed. This agrees with the statement 


made at the beginning of this paper that the continuance of the linear curve 


of hydrolysis depen 


ded on the alcohol produced, and scarcely at all on the acid. 


Finally, Fig. 5 represents graphically the relative extent of the inhibition 
produced by the different substances studied. It shows the diminution in 
velocity brought about by a concentration of one-tenth of a gram-molecule 


of the inhibitor per 
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Fig. 5. 
1/K relative to ethyl butyrate (=1) for a number of 
substances are appended: 
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CONCLUSION. 


Whilst the nature of the active centres of lipase is still quite unknown, 
except in so far as we know from the work of Willstitter and his colleagues 
that they are not protein in nature, the work described throws some light on 
the manner of the attachment of the substrate to those active centres. Thus 
if substances containing the carbonyl group compete with the substrate for 
the enzyme, it may be claimed to show that it is by this group that the 
substrate is normally attached, which makes the relative non-specificity of 
the enzyme more understandable. The conversion of —CO— into —CHOH 
still yields a substance with inhibitive power, but in no case has it been found 
that replacement of —CO— by —CH, results in an active inhibitor. It is 
clear however that the non-polar moieties attached to the —CO— group also 
play an important part in rendering the substance accessible to the enzyme, 
as is indicated for instance by the greater inhibition by methyl propyl 
ketone than by acetone. The actual affinity of the enzyme for the sub- 
strate (the Michaelis constant), and the readiness of decomposition of the 
resulting complex are determined by factors in which the nature and con- 
figuration of the rest of the molecule play the chief part, and with regard to 
which lipases of different origin differ among themselves. The varying sensi- 
tivity of the different lipases to poisons such as alkaloids, arsenicals, etc., 
which has been much studied and which is held to be independent of the state 
of purity, is again a different phenomenon. The work described is meant to 
bear on the general affinities between substrates and the active centres of 
the lipase, the general rather than the particular having been the object of 
study. The results observed support the conclusions concerning the nature of 
enzyme action which have been obtained from the study of the dehydro- 
genating enzymes of bacteria. 


SUMMARY. 


1. A method is described by which the actual velocity of hydrolysis of 
esters by lipase can be followed immediately. 

2. The effects of various compounds, studied from the point of view of 
their molecular structure, on this velocity is described. 

3. Ketones (including aldehydes) produce an inhibition of the velocity of 
lipase hydrolysis out of proportion to that produced by the chemically re- 
lated compounds investigated. Secondary alcohols also produce an inhibition, 
which may however be due to reversal of hydrolysis. 

4. This power is completely lost by converting the ketone into its oxime. 

5. It is claimed that this is due to a specific affinity between the carbony! 
group and the active centre of the enzyme, which affinity is also responsible 
for the normal adsorption of esters preparatory to their hydrolysis by the 
enzyme. 


20—2 





308 D. R. P. MURRAY 
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In his specifications for the standardisation of py measurements, Clark [1928] 
gives as the ultimate standard the tenth-normal calomel half-cell, to which 
is assigned the Sorensen [1909] value for the normal hydrogen electrode 
potential. As a secondary standard any solution of known py may be used, 
the term py being defined with reference to the first standard. 

The practical application of these specifications is a matter of some 
difficulty. The tenth-normal calomel cell is not now widely used owing to the 
amount of labour required for its satisfactory preparation; in addition to the 
tedious purification of the chemicals it is necessary to make up several cells 
at a time and take the average potential which must be frequently checked 
against freshly made cells [Sorensen and Lindestrom-Lang, 1924]. If the 
alternative method is used, the materials for the working saturated calomel 
cell need not be specially purified, but it is difficult to find a satisfactory 
standard solution. 

Of the many buffer solutions whose pq has been determined, none is 
suitable even for rough measurements unless the salt is recrystallised several 
times. The 0-05 M potassium hydrogen phthalate recommended by Clark and 
Lubs [1916] is the simplest to prepare and has undoubtedly been successfully 
used by many workers, but the presence of impurity is a possible source of 
danger. Thus it is noted by Clark [1928] that the best commercial phthalic 
anhydride, although usually satisfactory, sometimes contains impurities which 
necessitate ten or more recrystallisations of the salt prepared from it; in the 
absence of an independent standard this precaution would not be taken. The 
occasional presence of another very troublesome impurity is described in a 
note at the end of this paper. Most of the other buffer solutions available are 
even more difficult to prepare and are not often employed for the present 
purpose. 

A solution of the composition 0-01 N HCl.0-09 N KCl is advocated by 
Sorensen and Lindestrom-Lang [1924] and others, but there appears to be 
some uncertainty both in the py, and the temperature coefficient (Clark, 1928; 
Cullen, Keeler and Robinson, 1925]. Decinormal hydrochloric acid has none 
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of these disadvantages, as the pure acid is readily obtainable and the 0-1 N 
solution easily standardised. It has been used by Cullen [1922] and many 
others [Cullen, Keeler and Robinson, 1925; Hastings and Sendroy, 1924; 
Hastings, Baird, Sendroy, Julius and Van Slyke, 1928] who accept the value 
of 1-08 for the p,, at all temperatures. Since this value is based on the hydrogen 
ion activity calculated from the E.M.F. measurements of Noyes and Ellis [1917], 
it gives to the procedure a theoretical basis, the advantage of which has been 
pointed out by Cullen, Keeler and Robinson. There remains, however, the 
problem of the potential at the liquid junction 
0-1 N HCl/sat. KCl 

which is certainly much greater than that produced between saturated KCl 
and any of the other proposed standard solutions. It is, of course, usual to 
neglect the value of this potential, but it is still necessary that the junction 
should be formed in a reproducible manner. It has been shown by Clark and 
Lubs [1916] that the drift of potential which occurs at such junctions as this 
is considerable, and interferes with the accuracy of the measurement, and 
Clark [1928] considers that while each worker will be able to reproduce his 
own results, there is a serious danger of discrepancy between the results of 
different workers if this solution is used as a standard. The present paper is 
chiefly concerned with a practical study of the liquid junction in question 
from the standpoint of Clark’s criticism. 


EXPERIMENTAL. 


The potential difference of the cell 
+Hg/HgCl.0-1 N HCl/sat. KCl/3-5 N KCl. HgCl/Hg — 
A B 


was measured, junction A being made by a variety of methods. No importance 
is to be attached to the absolute value of the voltages recorded, as the chemicals 
were not specially purified, but the results show that the potentials at the 
electrodes remained unchanged during each series. The calomel vessels used 
were similar to those described by Kerridge [1926], and were kept at 25° by 
means of a simplified air-bath [Clark, 1928]. The temperature of the air in 
the bath varied by about 0-1° every half-minute, but this fluctuation produced 
no measurable effect on the readings obtained. Junctions A and B were made 
with vertical glass tubes dipping into the saturated KCl which was contained 
in a small intermediate vessel. Evaporation was prevented by a layer of liquid 
paraffin. 

Saturation of the KCl was ensured by using a solution saturated at 37°, 
which was allowed to come to 25° and then well stirred. Junction B was 
always made at the end of a tube of 3 mm. internal diameter; its contribution 
to the p.D. of the cell was probably negligible. Junction A was formed both 
inside and at the end of tubes of different diameters. In the former case it 
was made by pinching the rubber tube, which held the glass tube in which 
the junction was to be established, in order to expel two or three drops of 
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HCl into a waste vessel when the glass tube was dipped into the KCl 
and the pressure released; a sharp junction was thus drawn into the tube 
about 1 cm. from the end (see Fig. 3). With wide tubes (7 mm.) it was found 
necessary to use a Y-piece and rubber teat. In practice, instead of the cell 
being lowered, the KCl was raised and a support finally pushed underneath. 
It was necessary to dislodge the drop of liquid paraffin which sometimes 
adhered to the end of the tube before drawing the junction inside. The 
following table shows typical results obtained with one pair of half-cells. 


Table I. 
(a) Junction at end of tube of 7 mm. internal diameter 
Reading (mv.) 84-8 84-6 84-4 84-2 84-0 83-8 83-7 
Time (min.) 1 3 6 11 19 35 Cs 54 
(6) Junction at end of 3 mm. tube 
Reading (mv.) 84:5 83-9 83-65 83-35 83-2 83-1 
Time (min.) 1 6 12 42 76 138 
(c) Junction inside 7 mm. tube 
Reading (mv.) 84-9 84-75 84-75 
Time (min.) 1 10 60 
(d) Junction inside 3 mm. tube 
Reading (mv.) 84-9 84-75 84-75 
Time (min.) 1 10 60 
(e) Junction inside 1 mm. tube 
Reading (mv.) 85-1 84-9 84-8 
Time (min.) 1 10 60 


It will be noticed that there is a surprising difference between junctions 
formed inside the tube and those formed at the end. The former are much 
to be preferred for the following reasons. 

(a) They are more reproducible. 

(6) The time change is only about one-tenth as great and occurs almost 
wholly within the first ten minutes. 

(c) The diameter of the tube is unimportant if 3 mm. or over. 

The final readings (10 minutes or longer) in Table I (c) and (d) were the 
most reproducible. The order of aceuracy obtainable is shown by the following 
series of consecutive readings (obtained with another pair of cells) for junctions 
inside 3 mm. tubing. Each reading represents a different junction 10 minutes 
or longer after forming. 

84-84, 85-00, 84-85, 84-95, 84-93, 84-94, 84-97, 84-90, 85-00, 84-90, 84-85, 84-90, 84-95 mv. 
Av. deviation =0-04 mv.; max. deviation =0-08 mv.; mean: 84-92 mv. 

None of the other readings was reproducible to less than about + 0-2 mv. 
This type of junction was compared with a flowing junction by means of 
the apparatus sketched in Fig. 1. 

The lighter HCl enters through tube C and meets an upward stream of 
the heavier KCl in the broad tube D. The mixed stream overflows at EL. The 
junction can be made or broken as often as desired by raising or lowering 
tube C which fits the cork somewhat loosely. C and D are connected with 
reservoirs of HCl and KCl with rubber tubing, the rate of flow being regulated 
with screw clips. A T-piece is included on each side for connecting with the 
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two calomel cells. A convenient rate of flow is about 20 drops per minute 
from E, and the p.D. then reaches almost immediately a constant value which 
is unaffected by large increases in the rate of flow of either solution, or by the 
alteration of the diameter of tube C from 3 mm. to 1 mm. The exact degree 
of reproducibility is uncertain as the galvanometer was only sensitive to 
0-05 mv. with the greater resistance introduced. No variation could be 
detected over periods of a quarter of an hour. Static junctions were made inside 
tube C in the tisual way. 


35N 3 5NKCL 


¥ 
SOLUTION 





Fig. 1. Fig. 2. 


This form of flowing junction appears to possess certain advantages over 
the possibly more reproducible types of Lamb and Larson [1920] and McInnes 
and Yeh [1921], since contact can be made or broken as often as desired and 
the rate of flow of each solution can be varied independently. It was designed 
to imitate the first flowing junction described by Lamb and Larson, where 
the lighter solution runs slowly into a large volume of the heavier. Another 
pair of cells was used which, with the flowing junction at A, gave a potential 
difference of 88-9 mv. at the beginning and at the end of the experiment. This 
value fell to about 87-6 mv. when the flow of HCl was stopped, and rose to 
about 90-4 mv. when the flow of KCl was stopped. The average final reading 
of five static junctions made inside tube C was 88-89 mv. Taking into account 
the sensitivity of the galvanometer, it is evident that the two methods agree 
to within 0-05 mv. 

The junction between saturated KCl and some other solutions was studied 
at room temperature with the arrangement shown in Fig. 2, using the system 


Hg/HgCl.3-5 N KCl/solution/3-5 N KCl. HgCl/Hg. 
x y 
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Junction y was first made inside the tube with the aid of a rubber teat 
and after 10 minutes junction z was made at the end of the tube. The pair 
of cells used for these experiments gave a P.D. of < 0-05 mv. before and after 
the series. The following results are typical of those obtained. 


Table IT. 
0-1 N HCl 
Reading (mv.) +06. +0°7 +0°85 +0-98 - +1-10 
Time (min.) 1 3 6 13 19 
0-01 N HC1.0-09 NV KCl 
Reading (mv.) +0°17 +0-26 +0-28 
Time (min.) 0-5 5 10 
Potassium hydrogen phthalate 0-05 N 
Reading (mv.) — 0-06 +0-06 +0-07 
Time (min.) 1 7 10 
Phosphate solution py 7-4 
Reading (mv.) +0-05 +0-10 +0-14 +0-16 
Time (min.) 1 4 7 19 


The difference between the two types of junction is not very serious except 
in the case of 0-1 N HCl. 

The above system was also used to test the reproducibility of saturated KCl 
agar bridges and of the ground glass junctions used by Kerridge [1926] with 
the glass electrode; these were substituted for the tube shown at junction z. 
The agar bridges were prepared as directed by Michaelis and Fujita [1923] 
in tubing of 1 mm. internal diameter. The two cells used here had a P.D. of 
+ 0-5 mv. before and after the experiment. 


Table ITT. 
Agar bridge with 0-1 N HCl? 
Reading (mv.) +10 ~ +15 +1:7 +2-0 +2-5) es 
Time (min.) 1 3 9 20 eo; (£05mv.) 
Agar bridge with phosphate solution 
Reading (mv.) +05 +08 +0-9 7 oe 
Time (min.) 1 5 15 } (£06 mv.) 
Glass caps with HCl : 
Reading (mv.) —20 -10 -4 -6 -1 15 
Time (min.) 1 3 10 1 3 15 
Glass caps with phosphate solution 
Reading (mv.) -1-5 0 +1 } - 
Time (min.) 1 5 20 j (0-5 mv.) 


It will be seen that with the phosphate buffer both methods gave results 
corresponding roughly with the junction inside the tube, the order of accuracy 
being about + 0-5 mv. The same is true of agar bridges with 0-1 N HCl, but 
the glass caps are unsuitable for making contact with this solution. In using 
the ground glass caps it was essential to exclude air bubbles, which may cause 
large errors. This is best accomplished by running some KCl solution into the 
cap as it is placed in position; the outside can then be rinsed and dried with 
filter paper as usual. 


1 The correct reading here is about 1-5 mv., since junction y was formed with 3-5 N in place 
of saturated KCl (see Table IV). 
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DISCUSSION. 


In the case of static junctions it has always been the practice to take the 
initial readings, largely on the recommendation of Cumming and Gilchrist 
[1913]. The junctions have sometimes been at the ends of tubes [Fales and 
Vosburgh, 1918; Sorensen and Lindestrom-Lang, 1924; Harned, 1926] and 
sometimes inside tubes [Clark, 1915; Stern, 1925], but even in the latter case 
the results have not been satisfactory for HCl solutions. For example, Clark 
and Lubs [1916], using 0-01-0-05 N HCl/sat. KCl, report a maximum deviation 
from the mean of 0-22 mv., and an average deviation of 0-14 mv. These 
results presumably correspond to the initial readings in Table I (c) and (d), 
which showed about the same variation. McInnes and Yeh [1921] also note 
that the initial reading differs from that given by their flowing junction in 
the case of 0-1 N HCl/0-1 N KCl. It is significant that Cumming and Gilchrist 
favoured initial readings chiefly on the evidence afforded by junctions made 
at the end of the tube; actually they record a negligible time change in the 
case of junctions inside a 1 cm. tube. 

Since the absolute value of the potential at the liquid junction is unknown, 
all that is required is a reproducible result. It is therefore suggested that for 
the present purpose it is better to take the final reading (10 minutes or longer) 
with a junction made inside a tube of 3 mm. or over by the technique described 
above. Even with 0-1 N HCl, the degree of reproducibility is satisfactory for 
most purposes, + 0-05 mv. or + 0-001 py, and the value obtained in this case 
is very close to that given by the flowing junction, and probably within 0-3 mv. 
of the value given by initial readings with the Clark hydrogen electrode. 
Final readings could no doubt be taken with this electrode, and should be 
identical with those obtained by the above method. The modification of 
Bunker’s [1920] electrode as sketched in Fig. 3 is simpler and was found to be 
quite suitable for checking buffer solutions. It saturates quickly and, Jif 
provided with taps, the current of hydrogen may be turned off for at least 
half an hour without affecting the potential, which shows that the protection 
from the air is adequate. With this electrode there is no difficulty in duplicating 
results on 0-1 N HCl to within 0-1 mv. 

It is claimed that this treatment of the liquid junction will remove any 
danger in the use of 0-1 N HCl for the standardisation of pj, measurements, 
and that this is, therefore, the safest solution available for this purpose. At the 
same time, the justice of Clark’s criticism, referred to above, is clearly shown by 
the results obtained. Thus for the solutions 0-1 N HCl/sat. KCl the initial 
readings for junctions at the end of the tube may differ from those obtained 
with the above method by 0-3 mv., and probably from those usually obtained 
with the Clark electrode by 0-6 mv.; in addition to this they are less repro- 
ducible on account of the greater time change, a delay of even one or two 
minutes in taking the reading being serious. Agar bridges or capillary tubing 
may give rise to errors of one or two millivolts, and ground glass junctions are 
not recommended. 
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The “elimination” of the liquid junction potential. 


There are two empirical methods which aim at the elimination of the 
liquid junction potential; the Bjerrum [1911] extrapolation method, and that 
of Michaelis and Fujita [1923]. The latter consists in interposing a solution 
of 0-1 N HCl saturated with KCI thus: 

+Hg/HgCl.0-1 N HC1/0-1 NV HCl. sat. KCY35 N KCl. HgCl/Hg - 
The two half-cells used in the first experiment (84-92 mv.) were compared 
by both these methods with the following results, which apply to final readings 
inside 3 mm. tubes. 
Michaelis and Fujita... ove 90-4 mv. 


3:5 N KCl 83:8) p. unas Sie 
1:75 N KCl 79-9} jerrum s pom é-/ MV. 





Fig. 3. 


The two results differ widely and, therefore, do not support the validity 
of either method for this junction. Somewhat better agreement is obtained 
by following the practice of Walpole [1914] and Clark and Lubs [1916], who 
apply the Bjerrum extrapolation, determined substantially as above, to the 
voltage developed when saturated (4-1 NV) KCl is used as a bridge. This gives 
88-8 mv. for Bjerrum’s point. It was noted in using the method of Michaelis 
and Fujita that the time change was in the opposite direction to that 
observed in all the other cases. This time change was almost entirely due to 
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junction A, since remaking junction B, when A had attained equilibrium, 
produced a negligible (< 0-05 mv.) change in the voltage. This observation 
suggested that some intermediate strength of HCl would eliminate the time 
change, and the following results (Table IV) show that the required strength 
is about 0-0185 N. The values obtained for Nos. 4 and 5 were very close, and 
as they were not reproducible to less than + 0-1 mv. they overlapped. The 
average has, therefore, been taken as representing the mixture sat. KCl- 
0-0185 N HCl with a very small time change of variable sign. This difficulty 
was probably due to slight initial diffusion which has a relatively great effect 
on these junctions. 


Table IV. 


The p.p. of the cell 
+Hg/HgCl.0-1 N HCl/solution z/3-5 N KCl. HgCl/Hg — 
A B 


Final reading, Average 
inside junction time change 
No. Solution x mv. mv. 
1 1-75 N KCl 79-9 -0°5 
2 3-5 N KCl 83-8 -0:3 
3 Sat. (4-1 V) KCl 84-9 —0-2 
4 Sat. KCl.0-0183 NV HCl) 86-15 av {-0-1* 
5 Sat. KCl.0-0188 NV HClj nt | +0-1* 
6 Sat. KC1.0-085 NV HCl+ 90-4 +1-0 
7 Sat. KCl.1-0 NV HCl 119-0 +1-2 


* These figures refer to junctions at the end of the tube; the time change for inside junctions 


was negligible in these cases. , 
t This mixture is 0-1 N HCl shaken with solid KCl to saturation, as directed by Michaelis 


and Fujita [1923]. 

The significance of this nul point is doubtful, but a consideration of Table IV 
suggests the possibility that the liquid junction potential has been eliminated 
in this case. In the first place it is probable on theoretical grounds that the 
liquid junction potential at A in No. 3 is small»The reading which corresponds 
to elimination of this potential is then not more than a few millivolts positive 
to 84-9. Thus, possibly in No. 6 and certainly in No. 7, the potential has been 
reversed. It is quite probably reversed in No. 6 since Harned [1916] has 
shown that the hydrogen ion activity of 0-1 N HClis doubled by the presence 
of 3M KCl. Now the amount of time change is frequently considered to be 
an index of the liquid junction potential. In Nos. 1, 2, 3 and 7, it is un- 
doubtedly an index both of the sign and magnitude of the potential; if the 
same be true of Nos. 4, 5 and 6, it follows that the potential at A is zero in 
Nos. 4 and 5. This argument ignores the effect of junction B which, however, 
showed no appreciable time change even in the case of No. 7. In order to 
obtain some estimate of the potential at this junction, which cannot be zero, 
the Bjerrum extrapolation was used thus: 

sat. KCl (86-20) 


+Hg/HgCl.0-1 V HCl / 0-0185 4 HCl /3.5 Nv KCl (86-15) /3-5 N KCl. HgCl/Hg - 
at. 1-75 N KCl (85-95) 
B 


A’ 
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This gives the p.p. at B’ (with 3-5 N KCl) as — 0-2 mv. No accuracy can 
be claimed for this value, but it is probably of the right order of magnitude. 
On these assumptions the potential at the flowing junction 

-0-1 N HCl/sat. KCl + 
is 1-45 mv. Two recently calculated values are 1-58 mv. [Harned, 1926] and 
4-7 mv. [Scatchard, 1925]. It is doubtful, however, whether the p.D. at A’ can 
really be zero, as the hydrogen ion activity is different on the two sides of the 
junction. The py of the solution 0-0185 N.HCI sat. KCl was measured with 
the hydrogen electrode; assuming 1-08 for the py of 0-1 N HCl and neglecting 
liquid junction potentials the py of the mixture was found to be 1-32. 


A NOTE ON THE USE OF POTASSIUM HYDROGEN PHTHALATE. 


A commercial sample of “pure” potassium hydrogen phthalate contained 
less than 0-1 % water and required the theoretical volume of 0-1 N NaOH 
for neutralisation when titrated as directed by Dodge [1915]. Yet the p, of 
the 0-05 N solution was 3-92 instead of 3-97. This was found to be due to the 
presence of a trace of impurity, presumably the acid salt mentioned by 
Dodge [1920]. This impurity was sparingly soluble in cold water, more soluble 
in hot, so that after four recrystallisations, carried out above 20°, the resulting 
product would not dissolve completely in water at ordinary dilution. 

50 g. of the original material were shaken with 100 cc. water and allowed 
to stand, when the clear solution was decanted. This process was repeated 
until an apparently insoluble residue was obtained. 0-5016 g. of this residue 
was dissolved in hot water and required 26-60 cc. 0-1 N NaOH for neutralisa- 
tion instead of the theoretical 24-54 ce. 

The impurity might be introduced during the preparation either by an 
error of neutralisation or by recrystallisation below 20° [see Dodge, 1920], 
and, as it cannot be removed by recrystallisation and may not be obvious at 
a dilution of 0-05 N, it represents a danger which should not be overlooked. 
In view of this, and of Clark’s note on phthalic anhydride mentioned above, 
it is suggested that if potassium hydrogen phthalate is to be used as a standard 
the only safe course is to recrystallise until the py of the 0-05 N solution is 
unaffected by further recrystallisation (above 20°). This can be done without 
using an independent standard and is not very laborious if the original 
material is pure; samples such as that described above are of course quite 
unsuitable, but at least the presence of the impurity is revealed by this 
treatment. 


SUMMARY. 


1. The advantages of using decinormal hydrochloric acid for standardising 
Pa Measurements are pointed out. The liquid junction requires special 
treatment. 

2. Some of the factors influencing the p.p. at the liquid junction 
0-1 N HCl/sat. KCl have been investigated and a simple method of forming 
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the junction is described, which is reproducible to + 0-05 mv. or + 0-001 py. 
This method is also recommended for general use in accurate py, determinations. 

3. A new type of flowing junction is described which gives for these 
solutions results almost identical with those obtained by the above method. 

4. The degree of reproducibility of junctions formed with agar bridges 
and with ground glass surfaces is considered. 

5. Some observations on the time change at the junction 0-1 N HCl/ 
sat. KCl.zN HCl are presented and the possibility of eliminating the potential 
at this junction is discussed. 

6. The occurrence of an impurity in a certain sample of potassium hydrogen 
phthalate is described. This affected the py, of the 0-05 N solution but could 
not be removed by recrystallisation. 


In conclusion I wish to express my thanks to Prof. E. C. Dodds for his 
advice and criticism. The expenses of the investigation were defrayed by 
Mr Poupart’s gift to the Dental Research Fund, on whose behalf the work was 


undertaken. 
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